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It is seen from table 1 that most of the white patients (92.1 per cent) developed 
malaria after the first transmission attempt and that 94.7 per cent became in- 
fected after one or more attempts. The Negroes became infected at a much 
lower rate after the first trial (28.6 per cent) and after multiple trials (31.4 per 
cent). 

Of the 19 patients (8 white and 11 Negro) upon whom additional transmission 
attempts were made, the number of such trials were as follows: 

4 (white — ^3; Negro — 1) patients were infected on second trial. 

1 (white — ^1; Negro — 0) patient was infected on third trial. 

6 (white — 2; Negro — 4) patients were not infected on second trial. 

8 (white — 2; Negro — 6) patients were not infected on third trial. 


TABLE 1 

Summary of all aticmpis to transmit foreign P. vivax to 186 patients 



riRST TRIAL 

STJBSEQURNT TRIALS 

TOTAL 

White patients 

151 

8* 

151 


139 

4* 

143 


92.1 

50.0 

94.7 

Negro patients 

35 

11* 

1 

35 


10 

1* 

11 


31.4 

9.1 

31.4 

Total patients 

186 

19* 

186 


149 

5* 

154 

% infected 

80.1 

26.3 

77.4 


* Failures on first trial. 


It is apparent that while additional trials infected 4 of the 8 white patients who 
failed on the first attempt, only one out of 11 Negroes was infected by repeatea 

^^Transmission of Foreign P. vivax According to Origin of the Malanas. The 
origins of the malarias transmitted are shoivn in table 2. 

There was less difference in the transmission rates of the ^ , 3 

Pacific and those from the Mediterranean areas than between different pm 

within each of these areas. . . , r/^innsing case of 

Tranmisdon of DifferonI Sirens. For conyemence, f .wto 
malaria studied in returned troops was arbitrarily designated as a dilleren 

and assigned a number. _ . i j f were trans- 

In the transmission atteifipts, 43 strains were mvolvedpf which 34 

mitted. These data are presented in table 3. All of the U 

Most of the strains from every area infected white patients. 
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routes controlled by measurement of the specific gravity of the blood and good 
medical care are the most valuable therapeutic procedures. The general 
behavior of the disease suggests that dehydration and the depletion of salts are 
of far greater importance than toxemia, in the usual sense of the term, in the 
causation of late symptoms and death. 

Other than a prompt reduction of the numbers of vibrios in the stools and slight 
shortening of the attacks, there is no evidence that streptomycin given orally or 
parenterally influences the course of the disease. Strains of V. comma vary 
greatly in their resistance to streptomycin in vitro. 

Since it is doubtful that in all instances the public water supply is the chief 
source of cholera or of its perpetuation, and because infection is often conveyed 
by numerous factors of personal contact, the best measures for the prevention of 
cholera rest in the universal adoption of many simple hygienic measures. The 
control of cholera is more of an economic problem than a medical one. 
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Two questions were of interest concerning shore-based Navy personnel and 
marmes in relation to hookworm in the Pacific Islands: How much hookworm 
infection were they contracting under garrison or combat conditions? Did 
Ancylostoma duodenale form a part of it? 

During early 1945 examination of native Guamanians revealed a 90 per cent 
incidence of hookworm, with high individual worm burdens, predominantly of 
Ancylostoma. Temperature and moisture (both humidity and rainfall) on Guam 
are ideal for the propagation of hookw^orm in its external phases. With factors 
both parasitic and environmental present in such degree as to represent a measure 
able threat of mfect.on, the use of Guam as a base of operations prompted usto- 

“d otlier intestinal parasites were present 
or establishing themselves m service personnel on the island. 

he service men we examined fall into two natural groups. Group I, garrison 
orces, was composed of men most of whom had come to Guam soon after the 
■^erican reoccupation in July-August 1944, and had not been further west 
Ex^mation of them 5 to 9 months after their arrival there showed alow parasitic 

“mericanm and from 

reinfection was taking place on Guam!"^ '' ^ 

METHODS 

pofrjthrsuX* at muster concerning the pur- 

men at the hea£ for Irfvmo “ ' °Mained by having the corps- 

men, whose nitfweJfchrrbVa m r,' supplement this method, 
specimens directly to the laboratorv T?, sampling brought 

spectaens which could be reliably IttachedlThe “ntel 
leutenant Commander H(S), USNR. 

Lieutenant Commander MC(S). USNR 
* Lieutenant MC(S), USNR. 
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•which are common in regions where hookworm is endemic, readily produce 
infection when siich habits are practiced in tropical islands in the Pacific. The 
presence of 2.7 per cent infection in Group I men from outside the southern States 
may be evidence of this. This factor is presumably present in Group II as well, 
partially obscured by the number of new infections. On the other hand, the new 
infections in both groups may bespeak to some extent ancylostomiasis contracted 
through fomites, as recently demonstrated by Loughlin and Stoll (1946). 

Worm burdens . — ^There are two methods of obtaining data on the -worm burdens 
of infected persons. One is indirectly by means of the number of eggs per unit 
quantity of feces. The other is directly by means of worm counts after 
treatment. 

In table 5 are presented the original data on 33 cases treated with tetrachlor- 
ethylene. These are listed in order of increasing egg counts, and certain egg 
count classes have their average worm counts derived to indicate the comparative 
meaning of such classes. (It may be mentioned that in table 5 the data are 
presented to indicate their maximum degree of variability. Thus, only a single 
egg count, the first of the case, is used to classify it; no post-treatment egg counts 
are pven to show the efficiency of treatment; and the worm counts are for the 
mmimum period of one day, whereas some worms continue to be dislodged for 2, 
3, or more days after vermifuge.) ’ 

The information in table 5 is interesting from several angles. We use it first 

0 permit a classification of egg counts as a reflection, in general, of worm burdens, 
ihe relationslup is not a linear one, but holds as a general correlation; despite the 
presence of mixed Necator and Ancylostoma infections and despite examination 
for worms for only 24 hours after treatment. Thus, no case with “less than 1000” 

lOm eggs per gram average over 200 worms. On the basis of these data we 
combme our egg count positive cases for further analysis into four simple 
tW 'h showmg less than 1000 eggs per gram of feces as minimal positivL; 
those having from 1100 to 5000 as light; those with from 5100 to 10 000 
as moderate; those having over 10,000 eggs per gram as heavy, 
in table 6, the 71 positive cases in Group 1 and the 253 in Group II are arraneed 

1 and TT ^ apparent that the bulk of the positives in Group 

these cla^p^ ^ t^le 6 are the percentages of all men exa mi ned who fall into 

nSons while in ““derate and heavy 

inleotions wlnle m Group II, 2.2 per cent fall into these classes. 

Le5d3sSteTnrir n hookworm of the marines on 
™Sber of mode3“3'^ ™ At the same time, the 

(Grohn I 0 4 ner O t "r “ Leyte-exposed marines is over 6 times 

Won g 3 of ‘TPified by garrison 
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cates that we are dealing primarily with hookworm infections contracted in the 
United States. In general, these infections have been light. Even when more 
than 50 or 100 worms were present, the hosts have not presented clinical symp- 
toms, and, in the absence of routine survey, would probably have escaped detec- 
tion and treatment. 

Not all infections in Group I can be accounted for in this way. Men from 
outside the southern States are also infected. In some mstances, these infections 
may have been contracted in the south during periods of military training. • The 
presence of even a few Ancylostoma in post-treatment .worm counts indicates 
that they are evidently also being contracted on Guam with its overwhelmingly 
large Ancylostoma index in natives. 

Group 11. —The military operation on Leyte, October-December 1944, occurred 
on an island with a record of considerable hookworm. An incidence of 93 per 
cent was reported by Manalang (1925) during a hookworm campaign there, and a 
decade later Tubangui et al. (1935) found 75 per cent of 169 persons positive by 
dilution counting, with an average of 3850 EPG. Except for Cotabato on Min- 
danao, this showing on Leyte was the most severe hookworm infection of the 10 
areas of the archipelago which they studied. Concerning the presence of Ancy- 
lostoma, Leach et al. (1923) working at Bilibid prison, who worm counted 100 men 
after treatment, found 17.2 per cent of the 3539 hookworms recovered were A. 
duodenale. Nine of the prisoners were from Leyte. These 9 averaged 101 
hookworms per individual, with 13.5 per cent Ancylosto 7 na. 

Of the men examined by us who took part in the Lejde campaign, approxi- 
mately 1 m 3 were infected by hookworm, and 3 in 10 had Ancylostoma. Men 
from southern States showed a larger number of positives, but the picture in 
T-°* exposure to both Ancyloslovia. and Nmttor, 

MoSTt the “ eomehTecator infection already present. 

Most of the ^ecUras are light, with enough heavier infections to indinot. a 

strong possibihty of successfuUy introducing the A. dnodenak component to 
the southern part of the United States by returning service men, 

of mev deZi,t‘f rtrenuous conditions 

M d? 1 o ‘‘"““’f ‘he sanitary barriers devised by the Naval 

de^rof brTsr^ttu^^^^^^ r “■ ^ 

inc“tV:rn:wr“' bar4~b:^«c;\s“'^ 

increased rate of neivly acquired hookworms is thus predictable. 

SUMMARY ‘ 

eho;vedrhoT:riniidivt?T?::"^^^^^^ Trt r 

light, and many were evidently residuid inf “‘“‘wns were 

United States, Some he^y bfectlonf,(^m f d a” ” 
fowia were seen Both facts nm* d' .* hoivever, and some ^Ticyfos- 

on Guam. ‘hat some of the worms were acquired 

2. The examination of 742 leyte-retumed marines (Group II) showed a hook- 
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experiments. ■ Particulars concerning the material used and method of exposure 
are summarized in table 2. As shown there, the highest I’ate of infection was 
obtained in a group of 7 laboratroy-reared snails of Lot C, in which 4 snails 
became infected. In this case, and also in the other two experiments with labora-^ 
tory-reared specimens of La. C origin, the snails were juveniles of varying size; 
in the two experiments with La. K snails, in each of which 1 specimen was 
infected, the snails were adult. 

TABLE 2 

Origin of material and method of exposure in cases of infection of Tropicorbis 




NO. 

NO. 



LOT 

AGE 

; SNAILS 

SNAILS 

ORIGIN OF SCHISTOSOME 

METHOD OF EXPOStJEE 



EXPOSES 

POSITIVE 


La. C 

Juvenile 

6 

1 

Hamster liver 

As group. Numerous miraci- 

La. C 





dia, repeated on 4th and 8th 
days. 

Juvenile 

6 

2 

Hamster liver 

As group. Numerous miraci- 

La. C 

Juvenile 

7 

4 

Hamster liver 

dia on 5 successive days. 

As group. Numerous miraci- 





Monkey feces 

dia, repeated on 7th and 12th 

La. K 

Adult 

4 

1 

Hamster liver 

days. 

One time. Individually, 3 to 6 

La. iC 

Adult 

4 

1 

Mouse intestine 

miracidia per snail. 

As group. Ten miracidia 2 
, times, 1 day intervening, after 

■ . 





failure of earlier individual 
exposure. 


duration OF INFECTION IN TROPICORBIS AND 
infectivity of CERCAEIAE 

infection of 

number of cercariae Avas small a . o ^ ^ exposure to miracidia. Th 
maximum daily'output of about 50 o’ ^ gradually increased; th 

Ab to duratiou of Welion L 

shed cercariae for 107 davs and then laboratory-reared Tropicorbi 

sporocysts in various stno-po r.f ri i 5 e^ dissection after death, numerou 
found ® development and fully developed cercariae wer 

A feature of particular interest ivne +u 

S. mansoni infection on an almari • * • superunposing of an experimenta 

trematode. Seven days after a wlW infection AAdth another species o 

. \-iduaUy to from 3 to 6 miracidls +l La. K was exposed indi 

of a spliUail cercaria not observed in the water large number 

mansmii and havine the pV, + appearance from cercariae of iS 

mental exposure, cercariae ^ stiigeid; 31 days after the experi 

continued to apnear for o • j were also noted, and the two speciei 

died and jnelded on disspoU^” which time the snai 

the S. cercariae priL 4ot"e to 
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desired level. Then the pH was adjusted ivith N/10 NaOPI to 7.0 using broin- 
thymol blue as indicator. The pH had to be read instantly because of rapid 
fading of the indicator. 

4. The cyst suspension was poured into the prepared water, a mbber stopper 
placed in the flask and the mixture shaken vigorously. Shaking was repeated 
at intervals throughout the contact periods. 

5. 10 minutes later the residual chlorine in the mixture was determined by the 
orthotolidine method. Values up to 2 parts per million were measured usmg 
the test set supplied for this purpose by the Army. ' Higher concentrations were 
measured using the color standards of Muer and Hale appearing in “Standard 
Methods for the Examination of Water and Sewage”, 8th edition (published b}^ 
the United States Public Health Service). 

6. At the end of the contact period a sample of the water was withdrawn for 
determination of the pH and residual chlorine. The chlorine in the flask was 
then neutralized by the addition of sufficient sodium thiosulfate with vigorous 
shaking. 

7. The flask was emptied into a tall graduate and left to stand 4 to 5 hours 
while the cysts settled. 

8. The lower 150 cc. of fluid were siphoned off and the cysts further concen- 
trated by centrifugation. All but several cubic centimeters of the supernatant 
was drawn off. 

^ 9. The sediment was mixed with the small amount of remaining water and 
pipetted into tubes of either one or both kinds of culture mediimi. At the same 
time each tube was seeded with a half cc. of a bacterial suspension originally 
isolated from a successful culture of E. histolytica, but proved to be ameba-free 
by microscopic examination of repeated subcultures. No starch was added to 

these tubes because it was believed that excystation proceeded better in the 
absence of starch. 


_ 10. ;j^ler 24 hours incubation at 38°C the sediment in each culture tube was 
transplanted to 2 fresh tubes of medium. 

11. 48 hours later the sediment of these first subcultures was examined for 

n centimeter of sediment from 

each tube was agam made to 2 fresh tubes of medium. 

nf tb" eioht and 72 houis later a careful microscopie examination was made 

the tdbirrr n ® described in Step 11 above, and also 

the cS- rntpT inoculum from 
of the tubes? con amed viable cysts, some trophozoites in one or more 

01 tne tubes were observable at the^e timets i ?.• r i 

V, ^“cse timcs. 1 he concentration of amebae was 

in some cases enhanced by further transplants. 

section ortheTnbn-T^!^r/ nitrogen were made (by the Chemistry 

was assumed that tlfe i P^^’l’cular dilution of the cyst concentrate. It 

in all mixtures of a nn -t' ^ content would be approximately the same 

nrovidin^ tb ^ concentrate and water from the same tank 

pi ovidmg the proportions were the same. 



INTERNATIONAL APPRAISAL OF RESEARCH IN TROPICAL 

MEDICINE! 

Presidential Address, 1945, American Academy of Tropical Medicine 

aiARK F. BOYD 

Members of the American Academy of Tropical Medicine, ladies and guests: 
I am deeply appreciative of the honor you bestowed upon me through elevation 
to imur presidency in the current year, and wish to express my thanks for the 
distinction. I found the routine duties of the office to be far from onerous, but 
realization of my inadequac 3 '’ to meet fittingly the ephemeral climax of a presi- 
dential address has given rise to sleepless nights. I know that on such an occa- 
sion as the present, a speaker has his auditors at a disadvantage during this 
brief exercise of his prerogatives, and I greatl}’- hope that you, sufficiently sur- 
feited by this banquet, wiU have acquired a complaisant mood, judging my 
remarks in a spirit of leniency, permitting appreciation of brevity to outweigh 
its very apparent short-comings. 

Wlien the Academy’s committee on the award of the Theobald Smith Medal, 
announced their selection of Dr. Charles M. Wenyon, the distinguished English 
protozoologist, to be the recipient of this year’s award of the Medal, it was 
anticipated that Dr. Wenyon could receive the presentation in person at this 
meeting, making the occasion memorable to us by a fitting address. It was 
nith regret that we learned of Dr. Wenyon^s mability to be present. Owing 
to the condition of his health, his physician has forbidden foreign travel. For- 
tunately the American Ambassador to the Court of Saint James, the Honorable 
John Winant, has cordiallj’’ agreed to make the presentation at a meeting of the 
Roj’-al Society of Tropical Medicine to be held at Manson House on December 
13th. The Medal and Certificate of award have been transmitted to Mr. Winant 
through the good offices of the State Department. Should any members of 
the American Academy of Tropical Medicine or the American Society of Tropical 
Medicine be in London on this date, it is hoped they will participate through 
attendance at this meeting. 

We are meeting at the close of the most catastrophic period in the history of 
the human race, a catastrophy caused not bj’’ upheavals of nature beyond human 
control, but the result of forces created and unleashed by human agency. We 
should be humbly thankful that in this contest, and as the result of indescribable 
exertions and sacrifices in blood and treasure, victory has been attained in 
collaboration with our allies. 

Most of those present on this occasion are either directly interested in extend- 
ing the domain of science, or in the application of the newly acquired knowl- 
edge. To us scientific research is a matter of vital interest, despite the circum- 
stance that during the past century the radius of human knowledge has been 

* Presented at the Annual Meeting of the American Academy of Tropical Medicine, 
Cincinnati, Ohio, Nov. 14, 1945. 



THE PULMONARY MANIFESTATIONS OF SCHISTOSOMIASIS 
CAUSED BY SCHISTOSOMA JAPONICUM 
harry B. WEINBERGi ARTHUR J. TILLINGHAST= 

From the Medical and Roentgenological Services of the 133rd General Hospital 

The purpose of this paper is to present two cases of Schistosomiasis caused 
by Schistosoma japonicum in which prominent pulmonary manifestations were 
present. 

CASE REPORTS 


Case 1. This 19 year old white soldier entered the hospital on 30 Dec. 1944, 
complaining of chills, fever, and supra-orbital headache of Uvo da 3 ’’s duration. 
He had arrived on Lejde, Philippine Islands, on 20 Oct. 1944, and had on several 
occasions in the interim bathed in a fresh-Avater stream. At the time of admis- 
sion to the hospital his temperature Avas 100.8°F., pulse rate 88, and resphatorj’- 
rate 18. No abnormal physical findings AA-ere elicited, and the case AA^as con- 
sidered to be one of dengue. 


The blood count shoAA^ed 11,600 A\diite cells/cmm., of aaMcIi 87% AA’'ere seg- 
mented neutrophiles and 13% lymphocytes. Instead of improAring the patient 
continued to run feA’-er of 100 to 104 and appeared to be acutely ill. On 2 Jan. 
1945 the patient AA'as cougliing slightly and crepitant rales AA’^ere recorded in 
both lung fields. The rales persisted AAuthout signs of consolidation, and on 
4 Jan. a portable chest plate AA^as made; the film Avas teclmicallj’’ poor but shoAved 
some soft infiltration in the left base. Sulfadiazine Avas started in the usual 
dosage. Malaria smears AA^ere negatu’-e. The Avhite blood count rose to 19,250 
Avith 93% neutrophiles on 5 Jan. Throughout this period the patient had been 
constipated and had very poor appetite. On 7 Jan. the Avlrite blood count rose 
to 21,850, of AA^hich 25% Avere eosinophiles. The folloAAung day examination 
of a stool specunen obtained by enema reArealed ova of Necator americanus, 
cj'-sts an pie-cysts of Entameba histolytica, and OA^a of Schistosoma japonicum. 
At this time the patient Avas still acutely ill. His temperature had been 103 
to 104 foi the last five days. He had marked anorexia, constipation and abdom- 
mal distention. The spleen AA^as questionably palpable and the liver Avas not 
felt. There were scattered rales thi-oughout the chest and the patient had a 
non-productive cough. There had been no noticeable response to sulfadiazine, 
an t le drug aaus discontmued. On 9 Jan. the administration of tartar emetic 
(potassium antimony tartrate) in treatment of the schistosomiasis Avas begun. 

dose waS ^ 1% solution in distilled Avater. The initial 

0 12 ami second day thereafter he received 0.00, 0.09, 

I'l^en 0.15 Gm. every second day. The in- 

emett " 1-2 Gm- of tartar 


' LE Col M.C A.U.S., Davenport, Iowa. 
Major, M.C., A.U .S., New York, N. Y. 
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extending •with a constantly increasing momentum to such distances that sci- 
entists can no longer be familiar -^vith all disciplines, but find themselves fully 
occupied in a small segment of the circinnference ’with little or no acquaintance 
■with their conferees ■who are ■working ■with similar devotion in other segments. 

I am sure that most if not all of us engaged in these pursuits, labor ■with either 
the avo-wed or secret hope that our efforts, no matter ho’w humble, may con- 
tribute to the ■well-being of mankind. Admitting this laudable motivation, we 
should ■view Avith inexpressible anguish and shame the degree to which science 
has contributed to the present desolation of the Avorld, and has been prostituted 
to the injury of the human race. There is no novelty in this situation, warfare 
has ever been prompt to exploit science since the bow and arrow supplanted the 
sling shot, and guns supplanted the crossbow. The extent to which advances 
in physics and physical chemistry have contributed to this situation, and in a 
■vicious cycle have in turn been stimulated by military competition is appalling, 
and our colleagues in those fields of science must realize they have assumed 
responsibilities of a gravity perhaps never before borne by human beings, and 
have yet to demonstrate their capacity for the very grave task. Ob’viously in 
certain aspects of these fields, scientific research has outstripped human capacity 
to assimilate this knowledge, and has created a Frankenstein which if again 
unleashed Avill likely destroy our civilization. 

Interested as we are in medicine and related fields, we can ■vdeAV ■with satisfac- 
tion and gratitude the circumstance that in our segments of knowledge, the 
exigencies of Avar resulted in progress and extension of knowledge in many limited 
fields, Avhich promoted the AVelfare of our forces but contributed materially 
to the success of our arms without acquiring the stigma of prostitution to the 
ends of combat. Their continued and Avidened application Avill materially 
contribute to the healing of the deep wounds cmlization has received. 

The military necessities of the Avar period stimulated extensive research in 
tropical medicine and related fields in the United States and allied coimtries, 
resulting in numerous and significant discoveries. They also stimulated an un- 
paralleled interest in the subject in the medical profession and among the laity, 
Avhich is expressed by the noteworthy increases in membership of both the 
American Society of Tropical Medicine and the National Malaria Society. 
They required that miUions of Americans of the armed serAuces be stationed 
abroad on tropical assignments for extended periods, so that multitudes, to 
Avhom the Avord tropics formerly only vaguely expressed a region of perpetual 
summer, now are personally acquainted Avith both the charms and drawbacks 
of life in these regions. The charms may induce many to seek permanent 
employment and residence in the tropics, the drawbacks may result in chronically 
impaired health for many; and the ailments of veterans of these campaigns avtII 
for years offer perplexities to any iminstructed physicians who may be consulted 
about them. While the return of peace may result in a recession of interest in 
this subject, it is likely that, for the reasons enumerated, it wiU actually Avitness 
the maintenance of a higher level of interest than prevailed prior to the war. 
The phenomenal groAvth of international air travel Avill further contribute to 
the sustenance, if not the intensification, of this interest. 



F. lIKUNA^’nKZ-^^On.■VLES AND JOsfi F. MALDONADO 


'J’ho sik;c‘.('8.s of the roolal mucosti hioj)sy technique in proving the infection 
])resent in 100 pci cent of the untrcnlecl eases of scliistosomiasis against 40 and 
02 i)cr cent , respectively, obtained tlirough repeated examinations by the DcRiyas 
metbod and the intradcrmal test, cannot l)c over-emphasized. The clinician 
has, at. long last , a means at hand with which to solve and to study many aspects 
of this condition. The technique is an entirely safe one. Its execution takes 
only a few minute.s and needs very little time to master. Complaints may be 
raised to the en'cct that, the patient, is exposed to some danger, or that he may 
be subjcided to unnecessary mental and phy.sical strain, but the experience o 
the writers has not, jn-oved this to be the ease. In addition, the complete re- 
liability of the method far out.weighs any of the jn-obablc handicaps mentione . 
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The prompt and energetic application of this, dearly purchased knowledge 
will go far to alleviate much of the widespread misery and Avretchedness intensi- 
fied by the Avar. Effective application requires rapid and extensive diffusion, 
neither of which in adequate degree can be attained through the ordinary chan- 
nels of professional and scientific literature. The requisite initial impetus can 
best be attained by an international reunion of those who have contributed to 
these advances, Avith others qualified to disseminate and apply this knoAvledge. 
Such an international gathering of scientists -will further materially contribute 
to better international understanding and cooperation, so essential to an endur- 
ing peace. 

The Council of the Academy, convinced that these aims can best be attained 
by an International Congress of Tropical Medicine and Malaria, have recom- 
mended to the favorable consideration of the academy at the business session, 
the adoption of a resolution inviting the American Society of Tropical Medicine, 
the National Malaria Society, the Southern Medical Association, the American 
Society of Parasitologists, the American Medical Association, the American Col- 
lege of Physicians, the American Association for the Advancement of Science, 
and the Section on Medical Science of the National Research Council, to join 
AAuth the American Academy of Tropical Medicine, in adopting a resolution 
petitioning the State Department of the United States government officially to 
sponsor and invite international participation in such a gathering at as early a 
date as may be regarded as opportune. The suggested resolution would also 
direct the president of each organization to appoint a representative of that 
organization to a general committee, available to assist the State Department in 
an executive capacity in developing these plans, and in promoting and holding 
such a congress. 

The last international congress in this field Avas held during 1938 in Amster- 
dam, under the patronage of the Dutch government. It was well planned, the 
Dutch hospitality was gracious, wholehearted and flawless, but many of those 
participating, including your president among their number, were distracted by 
the ominous reverberations of the Munich conference, and attendance suffered 
as a consequence. Most of you can recall the effect of the events of 1939 on the 
Congress of Microbiology held in New York City in that year. 

The Amsterdam Congress Avas the first world congress jointly held in the fields 
of tropical medicine and malaria, although it Avas the third of each, their prede- 
cessors haAung been held independently. Since inception the Malaria Congress 
had maintained a permanent intercongressional committee, and although 
nothing comparable existed for the Tropical Medicine Congress, the executive 
committee of the Third Congress of Tropical Medicine Avas designated to serve 
as an interim commission until the organization of the Fourth Congress. 

As far back as the Second Congress of Tropical Medicine, held in Cairo in 1928, 
desire Avas expressed to hold the Fourth Congress in some American country. 
FolloAAmg the Second Malaria Congress in Algiers, it was intimated that the 
malariologists AA'^ould be receptive to an inAutation from the United States for the 
Third Congress. But at that time many in the United States felt that adequate 
support could not be secured and the committee developed plans to hold the 
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Third Malaria Congress in Madrid in 1935. These plans were frustrated by the 
outbreak of civil disorder in Spain, which lead ultimately to the joint meetings 
in Amsterdam. The interim committee of the Third Congress was charged with 
the task of contacting the countries of America to ascertain which would be 
wiling to exercise the privilege of priority with regard to the Fourth Congress. 

If this proposal meets with a favorable reception from those organizations to 
which submitted, it would appear to me highly desirable to preserve the chain 
of continuity by recognizing the interim committees of the two congresses, ex- 
pressing to them the desire of the United States to be host to a Fourth Joint 
Congress of Tropical Medicine and Malaria, and requesting their recognition of 
the proposed intersociety committee as the executive committee for the Fourth 
Congress, 

It might be found practicable to organize the Congress on the basis of four 
membership classes, viz 

a) Sustaining memberships, available to commercial organizations; 

b) Official delegates or members, designated by their governments ndth 
official credentials; 

c) Unofficial (but professional) members; and 

d) Associate members (non-professional). 

This is mentioned not with any desire to suggest to any future executive com- 
mittee the direction of its labors, but merely to mention at the moment what 
would appear to be practical modus operandi. 

Prevailing circumstances perhaps null not have ameliorated sufficiently to 
make 1946 an opportune year for the meeting, and selection of that year would 
probably not give sufficient time to lay the ground work and perfect plans in 
sufficient detail. However considering the labor inAmlved, it is probably not 
too soon to lay plans for 1947. 

In conclusion I wish to express the hope that you nail agree to the proposal 
for the soh'citation of the support of related organizations and the State Depart- 
ment to this project, Mth the conviction that the need is great and the time is 
propitious. 



L1>;SS0NS IX MAL.\RIOLOGY FROM WORLD WAR IP 

Tin: OuAULns Fuankmx Ckaig Li;ctuuk, 1915 
PAUL F. KPSSFLTA 

I'rorr. Dsvifion of Parafitoiogn, Amy Medical AV/ioof, Field Staff, International Health 
Divhion, The Horhrfrltrr Foundation (on leave of <i6scricc) 

MunV net losses from World War II are so enormous that it would be illogical 
indeed to refer to wnr-produetxl scientific advances as dividends or to point to 
them with thoughtless pride. Rather, such progress constitutes salvage which, 
to be sua*, sometimes has considerable value because conditions of war while they 
raady permit chissical research do present an ui'gency which demands, and often 
obtains, quick answers to ditBouU problems. Xcw Ic.ssons are learned and others 
re-learned, jininfuliy and at gu-at expense. 

Militan’ reipiirement.s tiuring the past si.x years undoubtedly stimulated 
mal:molog\' and it i^; fitting to discuss the subject in a lecture which honors 
Colonel Craig, — a military surgeon who, during his years of active sendee, was 
the .\nny's foreumsl malariologist. Ilis textbook on the malarial fevers sum- 
marire<i the .‘subject up to 1909 and may .<^1111 be read with great profit. Just as 
Craig made plain the fact that the rapid progress of the ISOO’s and early 1900’s 
produced no malaria panacea, .so one would emphasize now that no magical wand 
for malaria control came out of World War II (although one might think so from 
exubenmt press rolcascj:). On the contrary', military experience taught once more 
that the prevention of malaria is neither automatic nor simple but is compounded 
of law and |>ersu.n.sion, organiration and training, supplies and technical appli- 
cation. The IcSsSon .should have been well-known, but it had to be learned again. 
It has not been found possible to control malaria by directives, or to devise 
miraculous wenpon.s, yet there have been notable developments in the parasito- 
logy*, entomology*, clinical .aspects, and prophylaxis of this disease during World 
Warn. 


PAUASITOLOGY 

In the para.'sitology* of malaria, the greatest advances were along three lines, 
(c) towards better understanding of life history and biocheraistrj' of the par- 
asite; (6) in development of technique for experimental malaria; and (c) in 
cultivation of plasmodia. 

Exoerythrocytic forms have not yet been satisfactorily demonstrated m 
mammalian malaria but HufT (9) and others have shown that in at least six 
species of avian malaria there are unpigmented stages of the plasmodia in cells 
other than er>*throc 3 'tes. Although such stages remain undisclosed in man, the 
recent energetic search for them has taught lessons in tissue parasitism which will 

» Prc.scntcd at the fifty -first annual meeting of The American Society of Tropical Medi- 
cine, Cincinnati, Ohio, November 13-15, 1945. 

* Colonel, Medical Corps, A.U.S, 
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eventually lead to more effective antimalarial drugs because hidden aspects of the 
plasmodium have been exposed to the light of direct experiments in therapeusis. 

Not only have obscure phases of parasite development been revealed but ad- 
vances have also been made in the biochemistry of plasmodia, and cells infected 
by them. In fact, one of the important lessons of the war years has been that 
there is great advantage in close cooperation between parasitologist and bio- 
chemist. 

Studies of exoerythrocytic forms and in biochemistry were but parts of a great 
expansion of experimental malaria, guided by the Committee on Medical Ke- 
search and financed by the Office of Scientific Research and Development. New 
methods and improved techniques have been developed. Now, for example, the 
antimalarial potentialities of large numbers of drugs can be evaluated much more 
rapidly and effectively than ever before. 

Another advance has been in the cultivation of plasmodia. Here also progress 
has been more rapid because of the backing of such war-stimulated agencies as the 
Medical Research Council in Great Britain and the National Research Council 
in this country. Hawking (8) in England contrived a tissue culture method 
which is useful in growing exoeiythrocytic stages of P. galUnaceum. Ball, 
Geiman and associates (1) at Harvard devised a technique for the culture in 
vitro of erythrocytic forms of P. knowlesi. The latter method has value not only 
in studying physiology and chemistry of plasmodia but also in several other 
respects, including assistance in explaining how drugs act to cure malaria. The 
effect of antimalarials in vitro in these cultures closely parallels that seen in vivo. 

Other points could be made. For instance, strain differences within species 
of plasmodia became clearer during the w'ar. Diagnosis by blood film was again 
demonstrated to be a procedure requiring well-trained and supervised personnel. 
Facilities in this country for such laboratory help are now better developed than 
they were before the war. Serological diagnostic tests received much study and 
while not yet entirely practical are nevertheless becoming useful. All-in-all, 
considerable progress in the parasitology of malaria occurred during World 
War ir. 


ENTOMOLOGY 

The greatest advances in entomological phases of malariology have been along 
two lines; (o) in developing the taxonomy of certain anopheline groups, especially 
in the southwest Pacific; and (6) in collecting scattered data to form world keys 
for indentification of Anopheles species in any region, however remote. 

Allied Forces have been deployed all over the world. This fact has stimulated 
a broad increase- in knowledge of mosquitoes. For example, never before have 
there been such comprehensive taxononnc collections as are now in Washington 
at the National Museum and the Army Medical School. Never have keys been so 
extensive and practical in their scope. Moreover, much has been learned about 
the principal malaria vectors of the world so that species control, whether by 
sanitation or eradication, has a much firmer foundation. 

In connection -with entomology, mention should also be made of the prevention 
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of inadvertent transportation of malaria vectors from. one area to another. Un- 
believable expansion of Allied air forces, and of shipping, tremendously increased 
this hazard, so clearly illustrated by the disastrous gamhiae invasion of Brazil in 
1930. It is remarkable that, although some vectors have extended their pre-war 
range, thus far none appears to have been carried across sea or ocean in numbers 
sufficient for colonizing. Newer methods of spraying planes and ships, and better 
control of airfields and seaports have been important lessons from World War II. 

CLINICAL MALARIA 

In the field of clinical malaria the chief lessons have been three in number. 
First, better methods have been formulated for using atabrine and plasmochin. 
Secondly, totaquine has again been found to be a good substitute for quinine 
sulfate. Thirdly, the lesson has been driven home, as many times before, that 
vivax malaria is a relapsing disease. 

Most of the world’s cinchona plantations and alkaloid factories were captured 
by Germany and Japan, so that the Allies were faced in 1932 with an irreplace- 
able shortage of quinine just when their armies were moving deeper into malarious 
regions. Here was a medical emergency of grave proportions and immediate 
steps were taken to meet it bj'- increasing atabrine production. It was necessary 
first to learn how to make the German intermediates which had been used in the 
manufacture of American atabrine. Thanks to the genius of American phar- 
maceutical chemists, and to coordinated activities of the National Research 
Coimcil and the War Production Board, all difficulties were surmounted and by 
the end of 1943 military supplies were in reasonable abundance. 

The great stimulus of war needs, and the fear that American atabrine was not 
equivalent to the prewar German product, led directly to an enormous amount of 
research into the chemistrj’’, pharmacology, toxicology, and clinical effects of this 
drug. The National Research Council assigned many workers to the problem 
and it was not only proved that American and German atabrine are identical but 
there was obtained in a single year far more information about the action of 
atabrine than had been published in the previous decade. 

For instance. Shannon (12) and others disclosed that large initial doses of 
atabrine are required in order to maintain from the outset of treatment a plasma 
concentration adequate for antimalaria effect while at the same time meeting a 
relatively high tissue demand for the drug. This observation resulted in a re- 
vision of standard therapy and the present regime has proved to be considerably 
more satisfactory than the old one. 

Plasmochin was little used by the Army but it has been included in the vast 
program for investigating antimalarial drugs. Several studies towards the end 
of the war confirmed earlier British observations that a combination of quinine 
and plasmochin, given over a period of 10 days, will result in the radical cure o 
a higher percentage of vivax patients than will any other type of therapy. 
ever, plasmochin toxicity is still a limiting factor to be carefully consi ere . 

Great as was the output of atabrine it did not suffice for both military an 
civilian needs. This deficiency led to renewed interest in totaquine, a stan ar 
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ized mixture of cincliona alkaloids which had been recommended by the Malaria 
Commission of the League of Nations in 1931 (5) and which was on record as an 
effective substitute for quinine sulfate. It was possible to increase production of 
totaquine, using cinchona bark from Central and South America. By the work 
of several governmental agencies, and thanks in large measure to Colonel A. F, 
Fisher, who in 1942, brought Mindanao seeds through the Japanese lines, and 
grew them to the seedling stage in the United States, considerable progress has 
been made in developing cinchona cultivation in the Americas. At the present 
time fairly large supplies of totaquine are available. Although relatively little 
use is being made of this mixture it is cheaper than quinine and could have con- 
siderable value in areas where economic levels are low and especially where self- 
medication is the rule. 

Relapsing vivax malaria should not have been a surprise. It has long been 
notorious and the experiences in Macedonia in World War I taught a painful 
lesson which, unfortimately, was forgotten. . Southwest Pacific vivax cases, and 
the experiments of Coatney and others with a temperate zone strain, have again 
emphasized the difficulty in obtaining a radical cure of infections due to this 
species of plasmodium. The troublesome relapsing tendency in vivax infections, 
added to the quinine shortage, led to an intensive search for new antimalarials. 
By 1 July 1945, more than 12,000 drugs had been tested in this country as regards 
possible usefulness in malaria therapy. While no phenomenal drug has been 
discovered, yet certain fonvard steps have been taken. There are new anti- 
malarials, not yet in production, which possess all the advantages of atabrine 
without the toxicity or the skin-tinting disadvantages. Moreover, one of these 
new antimalarials may be given in single weekly doses for suppressive treatment. 
So, the war-stimulated research in the field of malaria therapy has laid a sub- 
stantial foundation for future work. When published, it will materially shorten 
the road for all who follow. 


PROPHYLAXIS 

During the early months of the war, in fact until the middle of 1943, the in- 
cidence of malaria in Allied Forces overseas was extremely high in certain areas. 
Once again, as in Macedonia, Palestine, and East Africa in World War I, and in 
many previous campaigns, it was clearly demonstrated that uncontrolled malaria 
may be a serious military problem. 

It is not surprising, therefore, that the most outstanding advances in malari- 
ology in World War II were in the field of prophylaxis. These lessons included 
the effectiveness of atabrine suppressive treatment, the value of repellents, the 
improved use of ahplanes for distributing Paris green, the practical importance of 
pyrethrum spray-killing, the unusual powers of DDT, and finally the most im- 
portant lesson that malaria, where it is more than mildly endemic, can not be 
successfully subdued without a specialist control organization. 

SUPPRESSIVE TR3EATMENT 

Clinical prophylaxis or suppressive treatment of malaria was attempted even 
before causation of the disease was known. But results were never satisfactory. 
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For example, reports about prophylactic quinine in Macedonia in 1915-1917 
were contradictor (6), and this was the history of all civil or militaiy attempts 
at mass prophylaxis vdth quinine or atabrine before the war. 

Because of conflicting observations comparatively little use was made of 
suppressive drugs during the first j-’ears of the war. But the serious loss in man- 
power due to malaria in 1942 led to a careful re-examination of the subject. By 
1944, on the basis of studies fostered by the Armed Services and the National 
Research Cormcil, therehad been established a suppressive regime for atabrine at 
the rate of a tablet (0.1 gram) a day. This dosage was found to maintain the 
minimum plasma level required for clinical prophylaxis. 

But wide differences of opinion still persisted as to the effectiveness of the drug 
in the field. The question was finallj' answered by the experiments of Brigadier 
Fairley (5). With the help of over 500 volunteers from the Australian Army, 
Fairlej’’ proved the certainty vdth which all clinical malaria can be suppressed, 
and falciparum malaria cured, by daily doses of 0.1 gram of atabrine taken for 
two weeks before infection, and for a month thereafter. From 10 to 300 in- 
fective mosquitoes, some with P. vivax and some mth P. falciparum, were allowed 
to feed on each individual exposed in Fairley’s series yet not a single clinical 
hreah-ihrough occurred during the period of atabrine administration. In order 
to intensify the test, some men were subjected for an houri to a temperature of 
0° F., others were marched 85 miles in three days, others were given insulin imtil 
the blood sugar dropped to 40 mgm., others had repeated adrenalin injections, 
some were exposed to 18,000 feet altitude change vdthout increased o.xygen, and 
up to 35,000 feet vith increased oxygen, yet in no case did the atabrine fail to 
suppress all clinical symptoms and in no case did parasites appear in thick blood 
films while atabrine at the rate of 0.1 gram per day was being taken. 

Although parasitemia Avas not patent, yet both vivax and falciparum cases were 
infective to non-immunes by blood inoculation between the 7th and llth days 
after infection, promng that atabrine vill not prevent infection. In the case of 
P. vivax, the blood remained infectious, and invariably there were relapses in due 
time after discontinuing the drug. But blood from those who had been initially 
infected with P. falciparum failed to infect non-immunes at the conclusion of the 
six weeks of atabrine suppressive therapy and the disease never became clinically 
manifest. 

The tremendous advantages of this regime of suppressive atabrine are obvious : 
— no clinical malaria and no subsequent falciparum relapses. When a break- 
through occurs during treatment it is practically certain that atabrine has not 
been taken in the prescribed manner. 

Here is one of the outstanding advances of the war. Disciplined and trained 
soldiers or civilians under this regime of atabrine prophylaxis can now carry out 
their missions unhampered by clinical malaria, no matter how high the local 
endemic level may be. 


REPELLENTS 

Out of research stimulated bj'^ the war have come some mosquito repellents of 
considerable value. Those which were most used during the war were Rutgers 
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612 and, to a greater extent, dimethylplitlialate. These synthetic liquids will 
give complete protection against mosquitoes for 90 minutes under experimentally 
controlled sweating conditions. In the field they may protect for as long as four 
hours after liberal application. 

Toward the end of the war better methods for evaluating repellents were de- 
veloped, such as the psychrometric chamber in which it is possible to standardize 
observations for various types of climate. By the use of this device, certain 
mixtures have been found to give complete protection against mosquitoes for 
periods up to 300 minutes under sweating conditions. 

PARIS GREEN 

Paris green had been distributed from airplanes on a limited scale prior to the 
war. Seldom did loads exceed 700 pounds of diluted larvicide. But military 
needs stimulated experiments which in the Mediterranean Theater led to use of 
planes carrying 3000 pounds of mixture at a time. Excellent malaria control 
results over wide areas were achieved. Some idea of the magnitude of dusting 
in Corsica, for instance, may be surmised from the fact that one pilot alone dis- 
tributed more than half a million pounds of Paris green mixture during the 1944 
season. 


SPRAY KILLING 

Although household pyrethrum sprays came into use in the United States in 
1919, their importance in malaria control w^as not realized until 1935 when Thorn- 
ton (13), published observations from South Africa. These reports led to field 
studies in India by Covell (3) and others (11) which clearly indicated the great 
practical value of such sprays in malaria prophylaxis. 

A notable improvement in technique of applying pyrethrum sprays came when 
Goodhue and SuUivan (7) in 194:2 reported that pyrethrins can be effectively 
dispersed, for adult mosquito spray-killing, from pressure cylinders containing 
liquid freon-12. As the freon-insecticide mixture is sprayed it forms a fine mist 
called an aerosol. Eighteen ounces of freon-pyrethrum mixture are sufficient 
to spray effectively 150,000 cubic feet of space. 

The Army became actively interested in spray-killing as a malaria control 
measure in 1942 and fostered experiments to make it more practical. During 
the summer of that year engineers of the Westmghouse Company and Doctor 
Goodhue of the Bureau of Entomology and Plant Quarantine cooperated wdth the 
Sanitation and the Tropical Disease Control Sections of the Surgeon General’s 
Office, in devising, and testing in the field, the first practical freon-pjuethrum 
“bomb”. The Armed Forces used millions of such cylinders during 1943, and 
subsequently, and there is no question that they represent a most important 
advance in malariology during World War II. 

DDT 

Vastly stimulated by military needs, a substance, first synthesized in 1874, 
has become available as an insecticide of great antimalaria value in that it not 
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only has larvicidal properties but also a prolonged residual effect against adult 
mosquitoes when sprayed over the surfaces upon which they commonly alight or 
spend their daytime resting hours. This substance is the much publicized DDT 
or dichloro-diphenyl-trichloro-ethane (15). 

Certain insecticidal properties of DDT were discovered in Switzerland in 1939. 
In 1942, a sample was sent to the United States Department of Agriculture. 
Since that time the Department has been testing DDT at its Orlando branch 
and has found it to be a highly effective insecticide. Exceptional credit is due 
the Orlando group whose laboratory, under the able du'ection of Doctor Knipling, 
became the world’s focal point for basic DDT studies. These workers were 
first to discover the practical value of DDT in malaria control. The results of 
Orlando tests, and of studies by numerous Allied Army, Navy, and ci"vilian units 
all over the world, have led to a large production program. 

Undoubtedly, DDT is of great value in residual mosquito spray-killing. When 
a suitable solution is applied to an average resting place, the DDT "will kill 
mosquitoes (and flies) alighting on it, and this effect "wdli be apparent for three 
months or longer. Only a few minutes of contact are required, "with either air- 
borne or surface particles, after which the insect will die in from four to six hours. 

DDT solutions sprayed as an aerosol or fog -ndll kill adult mosquitoes out-of- 
doors. This so-called barrier treatment may be effective for a week or more de- 
pending on dosage, rainfall, and perhaps other factors. A great deal of experi- 
mental work has been done by the Army, Navy, and Public Health Service, and 
by the British, in developing airplane spraying and fogging vith DDT. Entire 
beachheads have been made mosquito-free in this way. But the effect on other 
insect life, on pollination by insects, and on various biological balances is not 
well known and may be an important drawback to such area control. 

One regrets that the word “magic” has so often been used to describe this new 
"weapon. DDT is a sharp tool which must be employed intelhgently. Prob- 
ably the greatest use of this insecticide in civilian malaria control will be in care- 
ful application to indmdual buildings and other sheltering places of malaria 
vectors, and to certain larva breeding places. But no one who has worked mth 
DDT questions the fact that it represents a very real advance towards economical 
control, especiafiy in tropical areas. 

ORGANIZATION 

One of the basic lessons "n^hich had to be re-learned in World War II is the fact 
that a standard medical and sanitary table of organization does not meet the 
needs of a malarious theater of war. Routine camp cleanliness, good food, 
physical fitness, adequate hospital facilities, none of these, nor all combined, 
■will prevent or control malaria. Moreover, one can not hope to achieve results 
merely by supplying quantities of supplies, such as atabrine and DDT. Over 
and over again, in civil life and military, it has been proved that malaria can not 
be successfully controlled, in any but lightly endemic areas, or in small groups o 
indi"riduals, "without a professional malaria control organization to survej , p an, 
execute, supervise, and maintain the numerous technical procedures continously 
. required (10, 14). 
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Malaria control is possible anywhere in the world, but success will depend on 
men trained and organized, and backed by administrative authority. Under 
military and under civil conditions, effective prophylaxis is difficult or impossible 
without a malaria-conscious high command. Moreover, experience has shown 
that a civil law, or military directive, to be effective must be supplemented by 
persuasion or salesmanship which is based on skillful instruction and propaganda 
designed to interpret the philosophy behind seemingly arbitrary rules. Adequate 
implementation of this, and the other components of a malaria control program, 
requires the undivided attention of a specially trained malaria control organi- 
zation of a size commensurate with the problem. 

■ In the early months of World War II it was again demonstrated, as in Mace- 
donia in the First World War, that the day of amateur malariologists has passed. 
The behef epitomized by the statement that “a doc is a doc” has not been valid 
for a long time and it had painful results in practice in the early months of the 
war. Troops were overwhelmed wdth malaria in several areas. Not- until a 
special malaria control organization came into effective operation overseas, by 
the middle of 1943, did rates begin to fall. As a direct result of the work of this 
specialist organization, monthly hospital admission malaria rates fell from one, 
two, and even three thousand or more per thousand per annum to 50, 20, and even 
10 per 1000 per annum in some of the world’s most malarious areas. Better and 
more abundant antimosquito weapons, .and suppressive atabrine, were useful but 
only because there was a specialist organization to make them effective. Con- 
trary to press statements, it definitely was not DDT which brought down the 
rates. They subsided more than a year before DDT became available in prac- 
tical amounts. The decisive factor, as stated in a recent Army Medical Bul- 
letin, was the work of the special medical malaria control organization (2). 

It seems fitting to pay special tribute to the skill, courage, and devotion to 
duty, of the malaria control organizations of the Army and of the Navy by quot- 
ing the following message Avhich Brigadier General Guy Denit (4), Surgeon of the 
Southwest Pacific Theater, published at his headquarters in December, 1944. 

“The reduction of the malaria attack rate in this theater to a point at which it 
no longer contributes a dangerous handicap to our military effort is an achiev- 
ment of historical importance in preventive medicine. It has been the result of 
a joint effort which is to the great credit of all who have participated. In this 
accomplishment the malariologists and the malaria survey and malaria control 
units have played the major role. Despite hardships and often danger, then- 
achievements have been notable. The Medical Department is proud of your 
initiative and perseverance, of your professional contributions, and of the striking 
success of your efforts.” 

So here was the most important lesson in malariology from World War II, 
teaching once again with renewed emphasis the simple but exceedingly important 
fact that malaria can be controlled anywhere in the world in any environment, 
no matter how chaotic, when trained and organized personnel are given the 
necessary supplies and authority. Costs under military conditions are always 
huge. But it has already been proved that under civil conditions malaria trans- 
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mission can be completely stopped at a price ivithin the economic reach of many 
rural communities even in the tropics (11). 

,The greatest social obstacle to -malaria proph 3 daxis in the world today is the 
lack of suitable malaria control organizations. Economic barriers have been 
removed bj'’ spray-killing. Rural malaria control in many areas can now be one 
of the least expensive of public health measures. But until there is wide accept- 
ance of the outstanding lesson about essential organization, so clearly demon- 
strated again in World War II, malaria ndU remain a paramoimt disease. 

Allied malaria control units have demonstrated the value of malaria control by 
modem methods aU over the world with such striking success that civilian author- 
ities are more willing than ever before to budget fimds for antimalaria programs. 
Alreadj’- there are plans in hand for extensive work in such widely separated areas 
as the southern United States, Brazil, West Africa, Ital}’^, India, and Australia, 
in each case based to a considerable degree on lessons from World War II. 

One may reasonably hope that, with suitable organization, malaria will be 
eradicated from the United States within the next decade, and that in many 
tropical areas, even though economically depressed, this disease, now of the great- 
est importance, may become in the next half century one of the least of public 
health problems. 
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EPIDEMIOLOGY AND INCUBATION PERIOD OF JAUNDICE 
FOLLOWING YELLOW FEVER VACCINATION^ 

GUSTAVE FREEMAN* 

From Division of Virus and RickeUsial Diseases, Army Medical School, Army Medical Center, 

Washington, D. C. 

In 1SS3 Bremen had an epidemic of jaundice following mass vaccination with 
human vaccinia Ijunph (1). ^lore recentl}’’ several outbreaks of jaundice have 
been described following the use of vaccines and serums (2-5). In each instance 
human material was a component of the suspected vaccine or serum. During 
1942 a considerable epidemic struck American troops in this coimtry and abroad 
(6). This paper contains an epidemiological study of a part of this outbreak. 
The epidemic was preceded bj' mass inoculation of troops with yellow fever 
vaccine (YFV) prepared by suspending the 17D strain of virus in presumablj’’ 
normal human serum. The virus was grown in chick embryos and the sermn was 
used as a virus preseiwative. Observations have been made that epidemic jaun- 
dice ma}' be precipitated by parenteral use of other biological products like in- 
sulin (7) and arsenicals (8). Certain investigators are of the opinion that some 
epidemics, including the one under discussion, probably were caused bj’’ an in- 
fectious agent imwittingly carried in the serum of donors used as sources of ma- 
terial (2, 4-6). 

In this paper the term “jaundice” is meant to include sporadic cases commonly 
called “catarrhal jaundice”, and epidemic cases of the same or a similar disease, 
w’hether or not associated with preidous injections. It is not intended to imply 
that all similar cases of jaundice have a common etiology. The epidemiological 
relationship among sporadic, epidemic and post-immunization jaimdice does not 
enjoy unanimity of opinion. However, there appears to be general agreement 
that there is a striking similarity among cases of jaundice occurring in aU three 
circumstances and that the}’ cannot be differentiated on climeal or pathological 
grounds (4, 5). 

There are two cogent reasons for looking upon certain vaccines and serums as 
being responsible for epidemics of javmdice that appeared in their wakes. One 
is the high incidence of jaundice associated wdth particular batches of serum or 
vaccine and not w’ith others prepared essentially in the same way. This sug- 
gests that some batches may contain an etiological agent of disease that is not 
present in the others. The other reason is the relative uniformity of the interva 
between inoculations and the appearance of jaundice. Some idea of this can be 
gained from table 1. 

Although some imiformity in time can be seen in table 1, the range of time over 
which cases may occur foUow’ing inoculation may be quite extensive. so, it 

* Forwarded to the Surgeon General, U. S. Army on September 20, 1943 requesting pub 

lication. ' 

* Major, Medical Corps, A.U.S. Now, Dep’t. of Medicine, Univ. of Chicago. 
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has beea noted that the interval between inoculation and appearance of jaundice 
may vary in the same epidemic, depending presumably upon the lot of inoculum 
used. In Brazil, for instance, one lot had an ‘'incubation period” of 17.8 weeks 
and another of 20.4 weeks (4). Similar variations were noted in the American 
Army epidemic of 1942 (6). 

EPIDEJirOLOGY AT CAAIP “bAKEE®” 

An epidemiological study of jaundice following yellow fever vaccine (YFV) 
was undertaken at Camp "Baker” in southeastern United States. It was pos- 
sible to study the epidemic at this post from its beginning. Cooperation on the 
part of the Post Surgeon and members of liis staff was excellent. A thorough 
search was made during the early period for all suspicious and clinically manifest 
cases of jaundice. Dispensary medical officers sought cases at sick call. Bar- 
racks were searched for indisposed soldiers w^ho may have been ordered to quar- 


TABLE 1 

Approximate intervals between immunization inoculations and appearance of jaundice 


EPIDEinC j 

! 

Djoctn-xm USED 

1 

APPEARANCE OF 
JAtJNDICE AFTER 
INOCDIATION 

Bremen (1) (1883-84) 

Human vaccinia l 3 unph 

Yellow fever vaccine 

Yellow fever vaccine 

Sandfly fever vaccine 

Yellow fever vaccine 

mw. 

1.0- 7.0 

; 1.2- 7.6 

0.5-18,0 

2.0- 4.9 

1.3- e.o-h 

England (2) (1937-38) 

Brazil (4) (1939-40) 

Russia (5) (1939) j 

American army (6) (1942) ! 



ters. Eyes and skin of men on mess lines were examined for jaundice as well as 
those that preferred to remain in quarters during meals due to loss of appetite. 
Suspicious cases were sent to the station hospital laboratory for icterus index 
determinations and clinical observations. Besides the appearance of jaundice 
and gastro-intestinal sjTnptoms, muscular aching and fever also were considered 
as evidence of possible unpendmg jaundice. It is unlikely that an important 
number of clinical cases was missed during the first half of the epidemic. There 
must have been, nevertheless, a considerable number of subclinical or abortive 

’ Key to military posts and YPV lot numbers: 

Camp “Baker” is Fort Belvior, Virginia. 

Camp “Sugar” is Fort Sill, Oklahoma. 

Camp “Love” is Fort Lewis, Washington. 

“Bl” is YFV lot 329 
“B2” is YFV lot 364 
“B3" is YFV lot 350 
“B4” is YFV lot 351 
“BS” is YFV lot 2S4 
"Ml” is YFV lot 36S 
“M2” is YFV lot 369 
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cases that never came under observation. The station hospital acted as the 
clearing house for the epidemic; all cases occurring during the rise of the epidemic 
were examined and questioned there. During the latter part of the epidemic 
many mild cases were allowed to remain ambulatory because hospital facil- 
ities were overloaded. 

As each case appeared, he was questioned thoroughly in regard to his itinerary 
immediatelj’’ prior to and since his association vdth the mihtary service. Changes 
in posts, units, and barracks were recorded with dates of such changes. Tjqjes 
and places of duty were considered. Immunization records were studied for the 
date of yellow fever vaccination and the lot of YFV received. Information 
obtained from individuals was cross-checked vdth units, dispensary records and 
umt personnel so that accuracy of records could be evaluated. A large engineers’ 
map which showed post facilities in detail proved to be of considerable value when 
used as a “spot” map. An appropriate pin was placed in the figure representing 
the quarters of each case as he appeared in turn. 

The population of Camp “Baker” was fairly stationary in number, ranging 
approximately’’ between 18,000 and 19,000 from April 1941 to August 1942. Ap- 
proximately half the post consisted of relatively transient basic training and 
and officer training units. The former remained on the post between 8 and 18 
weeks but groups moved in and out on a staggered weekly schedule. Officer 
candidates remained on the post for periods of 12 weeks. The permanent half 
of the post population could be studied to better advantage because of the avail- 
ability of records and detailed histories of movements. Nevertheless, the entire 
population was studied. 

The epidemic of jaimdice at Camp “Baker” coincided in time and duration 
vdth the large epidemic among American troops during 1942. Figure 1 demon- 
strates the distribution of all cases hospitalized by weeks and the general re- 
lationship to administration of YFV. Vaccine was given at two periods. A 
group of about 500 men received YFV on December 30, 1941 and during the 
first week in January 1942. The remainder of the troops were vaccinated be- 
tween February 23 and March 9, 1942, except for stragglers. The plain and 
stippled areas in the background of figure 1 show the relative proportions of 
vaccinated to unvaccinated population at all times. Therefore, the unvaccinated 
cases between May and December, 1942, represent a considerable increase in 
attack rate for the imvaccinated portion remaining. Table 2 shows stationary 
units that were studied and the Jot numbers of YFV they received. These umts 
plus basic training, officer candidate and enhsted men’s schools made up the bulk 
of the post population. Student troops came from various posts and many had 
received YFV from a variety of lots at different tunes. Detailed data in regard 
to YFV could not be considered accurate for these people. 

YFV lot “B2” was used also on the post. Relatively few cases of jaundice had 
received this lot. The number was imcertain and extremely small. No record 
of the number of doses of lot “B2” was discovered. If other lots were used at 
Camp “Baker”, no such evidence was available and no cases of jaundice were 
found to be associated with them. A number of indi^’iduals suspected of not 
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having received YFV became jaundiced also. Blood specimens from six such 
individuals were tested for neutralizing antibodies against yellow fever virus by 
the Laboratories of the International Health Division of the Rockefeller Foun- 
dation in order to learn whether or not they had received YFV, Antibodies 
could not be demonstrated in any case. These six cases constituted a random 
sampling of an estimated 20 to 30 unvaccmated cases. The sample comprised all 
unvaccinated cases that had not yet left the post at the time of sampling. 
Fortunately, this group included a distribution of cases covering the entire 
epidemic period. Figure 1 shows the exact distribution of the first three un- 



PlG. 1. OCCTTEBENCE OF HOSPITALIZED CaSES OF JAUNDICE AGAINST A BACKGROUND OF 
Vaccinated and Unvaccinated Portions of the Post Population 
The entire vertical axis of the graph box represents 100 per cent 

vaccinated cases in May 1942 and the approximate arrangement of the other 
unvaccmated cases durmg the epidemic period. Although 20 to 30 cases ap- 
parently had not been vaccinated according to records, an arbitrary figure of 12 
cases (50 per cent of the estimated number) will be used in calculating rates in 
order to allow for possible error in sampling. One early unvaccmated case was 
a civilian that worked on the post. He was hospitalized May 11 and died 
within a few days. The post mortem findings revealed hepatitis indistinguish- 
able from that seen in vaccinated cases.'* His blood and ascitic fluid were tested 
for yellow fever neutralizing antibodies also and none were found. 

Post mortem was performed by Lt. Col. Balduin Luck6 of the Army Institute of 
Pathology. 
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It is expedient at tMs point to establish various attack rates for the purposes of 
this study. These appear in table 3. Altogether, slightly more than 700 cases 
or approximately 3.8 per cent of the total post population was hospitalized with 
jaxmdice. The peak over-all incidence for one barrack was about 25 per cent. 


TABLE 2 

Stationary units and YFV lots received by them 


UNIT 

YTV LOT 

VACCINATION PERIOD 

“XA” Company 

“Y” Battalion 

“Bl” 

“Bl” 

Dec. 1941-Jan. 1942 

“Z” Regiment | 

“Ml” 

«<M2» 


“V” Regiment 

“M2” 


Post Detachments 

''M2” 

Feb.-Mar. 1942 

“Q” Battalion (Company "C”) 

“M2” 


“XB” Company 

“M2” 

1 

“XC” Company 

“M2” 

! 


TABLE 3 


Basic attach rates of jaundice 



AITACK RATE PER 1000 
PER WEEC 

Preepidemic* (army during Jan. & Feb. 1942) 

0.01 

Preepidemic (Camp “Baker” population from April, 1941 to March, 
1942) 

0.01 

Epidemic period (Camp “Baker” population from March, 1942 to 
October, 1942) 

1.40 

Epidemic periodf (unvaccinated individuals) 

0.36 

Peak weekj (Camp “Baker’s” early group, March 24-30, 1942) 

Peak week (Camp “Baker” population, June 23-29, 1942) 

8.00 

5.50 




* Rate obtained from official report of 125 cases per month during January and Eebruary , 
1942, for the Army within the continental limits of the United States and total strength 
for, that period as reported by the War Department in the public press. 

t Unvaccinated military personnel estimated at about 1200 or 6.5 per cent during the 
epidemic period. 

J This group received YFI^lot “Bl” which is considered to be relatively “non-ictero- 
genic”. It was not associated with a high incidence of jaxmdice in the total military popu- 
lation. 


Period prior to main epidemic 

The first six cases of jaundice admitted to the station hospital since its estab- 
lishment in April 1941, had not received YFV. They occurred sporadically 
during a period of seven months as shown in figure 1. A battalion (“Y”) con- 
sisting of two companies and a separate company (“XA”) were inoculated with 
YFV lot “Bl” on December 30, 1941 and during the first week of January in 
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anticipation of early departure from the post. Nine cases of jaundice occurred 
in this group of approximately 500 soldiers. The arrangement in quarters and 
the distribution in time with relationship to the date of vaccination is shown in 
figure 2. 

Figures 2-5 contain two parallel, vertical lines. In each figure these lines 
embrace a diagram sho\Ying the distribution of cases in barracks. The cases 
shovm in barracks are arranged below, between the parallel lines, according to 
appearance in time also. Except for figure 2, the period enclosed between the 
verticals represents the first wave of the main epidemic. The peak of this wave 
occurred the week of May 26- June 1. 
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Fig. 2. Occhhbence of Cases in Barracks and Time and Relationship to YFV 

Inoculation 


Each barrack in figure 2 quartered approximately 50 men. This was the 
usual barrack population except as noted later in an area of brick barracks. All 
four cases in “XA" Company occurred in one of three barracks. The other 
five cases were quartered in one of six barracks of “Y” Battalion. The prob- 
ability of such distribution by chance is 1 to 80 for “XA” Company and 1 to 
7,700 for "Y” Battahon. 


Main epidemic 

The bulk of the post population, except for stragglers, was vaccinated between 
February 23 and March 9, 1942. The main epidemic was continuous from May 
to September as shown in figure 1. The incidence of disease rose rapidly during 
the first four weeks and reached a peak the last week in May. The incidence de- 
clined progressively for two weeks and rose sharply again to a maximum of 105 
cases during the last week of June. Subsequently, the epidemic fell off so that the 
incidence almost had regained the preepidemic level by September. 
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Units that were involved in the epidemic wave starting in May will be con- 
sidered now. The distribution of cases in barracks and in time during the fiist 
major epidemic month for individual organizations is demonstrated in figures 
3~5. "Z” Regiment is represented in figure 3. The three barracks affected 
first belonged to Company “A”. The first case in the regiment occurred in 
Company “A” in December, 1941, prior to issue of YFV, Then 11 cases occurred 
consecutively in the same company during May and two more in June before a 
case occurred in any of the other three companies. The probability of 13 
consecutive cases occurring in one of four companies by chance is 1 in 67,000,000. 
All members of the regiment received either YFV lot “Ml” or “M2” during the 
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first week in March. Temporal grouping also is seen in this regiment. “1^11” 
and “M2” are both considered to be highly and equallj’^ “icterogenic”. 

A promising experiment appeared fortuitously in “Z” Regiment when 400 
recruits were mixed thoroughly with about 500 seasoned troops on June 1, 1942. 
The latter group had received YFV and w'ere haiang considerable jaundice while 
the fresh troops had not received vaccine and had no jaundice. Since the attack 
rate for imvaccinated indiidduals during the epidemic period was 0.36 per 1000 
per week, the expectancy for jaundice in the group of 400 was about 1 case for 
the period of the epidemic that remained following an incubation period of 3.2 
weeks. This period will be shown to be significant. No clinical cases v ere ob- 
served among the 400 recruits but the unvaccinated wife of one soldier from thi.-' 
regiment became jaundiced. Unfortunately, the size of the test group v .as not 
large enough to be a source of positive information. 

One area consisted of large brick barracks that quartered about 200 men each. 
Figure 4 shows the barracks that housed men all of whom received IF! lot 
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*‘M2”. Men in other barracks of this area did not receive the same vaccine. 
Building 201 contained the post detachments. Buildings 213 and 203 repre- 
sented the Headquarters and Service Companies, respectively, of “V” Eegiment. 
The Service Company was composed of Negro personnel, whereas the other 
three barracks under consideration contained only white troops. Building 200 
was the barrack for Company “C” of “Q” Battalion. 
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Fig. 4. Same as Fig. 2 

Vaccination was carried out during the period March 2-5 for all except the 
post detachments. These units were inoculated March 9. The probabilities 
that buildings 213 and 201 would have 7 and 8 cases, respectively, before any 
appeared in building 200 are 1 to 120 and 1 to 250 by chance. The probabil- 
ities that the same two barracks would have 20 and 13 cases before any occurred 
in 203 are 1 to 1,000,000 and 1 to 8,000 respectively. Temporal spacing of groups 
in these barracks is striking. It is interesting to note the preepidemic appear- 
ance of jaundice in buildings 213 and 203. 

Two separate companies, “XB” and "XC”, were inoculated with YFV lot 
“M2” on March 3 and 2, respectively (see fig. 5). The probability that 9 out 
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of 10 cases would fall in 1 of 2 companies by chance during the first month is 1 in 
100 times. 

The relatively transient population is represented in figure 6 by the officer 
candidates and the basic training troops. The temporary status of these people 
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Basic Training Troops 


made it difficult to obtain adequate data about them in regard to ad- 
ministration. Cases in these units were scattered among many barracks durmg 
the early part of the epidemic but later began to occur in clumps. Temper 
spacing of groups is noted also among these school troops. 
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IN’CURATION P1:RI0D 

Figures 2-5 contain two cliiTcrcnt regularities in time. One is the interval of 
time between vaccination and the onset of epidemic jaundice. Table 4 lists 
these intervals for the units under consideration. The average is 12.3 weeks. 


TABLE -1 

Time of onset of jaundice after YFV administration 


VKCt 


o’sszr wttKS Arrt* vrv 


"Y” Battalion ("XA” Company) 

“Z" Regiment (Company “A”) 

"Z” Regiment (less Company "A") 

“Q” Battalion (Company "C") 

"V” Regiment (Headquarters Company) 

“V" Regiment (Service Comp.any) 

Post Dctaclimcnts 

“XC” Company 

"XB” Company 


11 

11 

15 

13 

12 

15 

11 

12 

11 


Average (mean) 


12.3 


TABLE 5 

Calculated mean, standard deviation and coefficient of variation of intervals between peak 

incidences of eases in units 



\VttXS IN DUTIATION 

First peak interval ’ 

Second peak intcr%‘al 

Third peak interval 

“Z”- Regiment (Company “A") 

2 

3 

4 

"Z” Regiment (less Company “A”) 

3 

4 I 


“Q” Battalion (Company "C”) 

3 i 



“V” Regiment (Headquarters Company). 

3 i 



“V" Regiment (Service Company) 

^ i 



Post Detachments 

4 

2 


“XC” Company ; 

4 



“XB” Company 

3 



Officer Candidates 

3 

3 


Basic Training Troops 

4 




Difference in onsets between Company "A” and other companies in “Z" 


Regiment 4 

Difference in onsets between Headquarters and Service companies of “V" 

Regiment 3 

Average interval (mean) 3.2 

Standard deviation or coefficient of variation ±0.72 or 22.5% 


Jaundice occurred in epidemic proportion after a similar interval whether vaccine 
was given in December 1941 or the following February. 

■ The other regularity is the temporal spacing among groups of cases within 
units and barraclcs . The total elapsed time during wliich new case incidence was 
followed in figures 3 to 6 was between 9 and 12 weelcs. The intervals between 
peaks are seen readily in figures 4 and 6 to lie between 2 and 4 weeks. Also, 
the less striking groups in figures 3 and 5 fall at 2 to 4 week intervals. Table 5 
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lists aE intervals between peaks including the interval between the appearance of 
jaundice in Company “A” of “Z” Recent and the onset in the other three 
companies, and the interval between the onsets in the Headquarters and Service 
Companies of “V” Regiment. The average for aU intervals is 3.2 weeks. AE 
17 intervals, therefore, are 2 to 4 w^eeks in duration. According to figure 7, the 
interval mode as weE as the mean is 3.2 weeks. The standard deviation is ± 
.072, and the coefficient of variation is 22.6 per cent. The clustering of all 17 
peak intervals about the mode of 3.2 weeks strongly indicates that the interval 
is significant. 

Figure 1 shows two major waves, one reaching a peak during the last week of 
May and the other during the second haE of June . The simultaneous appearance 
of peaks at these two periods nithin units and barracks apparently accounted for 



TIME BETWEEN PEAKS 

Fig. 7. Modal Ctjkve for Intervals between Peaks of Case Incidence and Intervals 
BETWEEN Onsets in Similarly Vaccinated Barracks 

the major waves (see figs. 3-6). The 3.2 week interval observed between peaks 
is, therefore, a reflection of the mode shown in figure 7. 

TRANSraSSION 

The platoon was the smallest type of group apparent in this study. In 
garrison the entire platoon was usuaEy housed in the conventional type of wooden 
cantonment barrack and consisted of approximately 50 to 60 men. Members of 
a platoon, consequently, had common sleeping and latrine facifities. i^o, the 
platoon usuaEy worked as a unit. Customarily, three platoons constituted a 
company. All members of a company messed together and had considerable 
contact among themselves. However, the tendency for contact among indi- 
viduals of different companies was very much less. They were not likely to 
meet except during social hours. Even then "buddies” were frequently company 
mates. The selection by jatmdice of individual barracks or platoons in sev eral 
instances suggests that either close living or the common latrine, or both, were 
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important in the distribution of the disease. The company mess appears to 
have escaped indictment although it was not necessarily absolved under all 
circumstances. Mess under field conditions may not appear as innocent as it 
does in garrison. Although there appeared to be no natural insect vector in- 
volved, the fly as a mechanical vector was not exonerated. Although jaundice 
reached epidemic proportions in northern latitudes in March, prior to the issue 
of the year’s fly crop, they were present in variable numbers at Camp “Baker” 
in several mess halls and in an occasional latrine. Eecurrent failure of the flush- 
ing mechanism in one latrine gave rise to persistent fecal odor and the swarming 
of flies. This latrine was in a heavily affected barrack of Company “A” of “Z ’ 
Begiment. A prevaccine case of jaundice was quartered here. However, there 
were no confirmatory observations. Before the onset of the epidemic and during 
the early part, mosquitoes were either absent or present in small numbers. It is 
most unhkely that any one insect could have been a vector in the epidemic 
throughout the country in the early spring. 

ACCESSORY DATA 

In a large routine Army serological laboratory a decided rise in the incidence of 
jarmdiced serum specimens was noted during May 1942. The laboratory 
officer was not aware of an epidemic of jaundice and considered the change to be 
related to antiluetic therapy. Investigation proved that half of the icteric 
specimens belonged to civilians that were having routine examinations either for 
induction into military service or for employment in civilian capacity. They 
gave no serological evidence of syphilis and, almost certainly, had not been 
given YFV. 

Four wives of soldiers were hospitalized in an Army general hospital toward the 
end of September and beginning of October, 1942. The husbands of three had 
had jaundice and either had lived at home or had visited their Avives frequently. 
The husband of the fourth was abroad but she mingled to a large extent with 
people in the military service. All four gave negative tests for neutralizing 
antibodies against yellow fever virus. Attention of this laboratory was called to 
these cases because it was exceptional in the experience of the admitting medical 
officer to see jaundice in his clinic. 

JAUNDICE AT OTHER POSTS 

It has been generally recognized that the use of certain lots of YFV was 
associated with large outbreaks of jaundice (6). However, at least two Army 
posts that took part in the major epidemic had many cases that received pre- 
sumably “non-icterogenic” lots of YFV. Camp “Sugar” in south central 
United States had 172 cases of jaundice distributed according to figure 8 (9). 
Lots “B3” and “B4” do not belong to the “icterogenic” group of YFV lots, but 
were significantly involved in the epidemic at this post. 

The same was true of YFV lot “B5” at Camp “Love” in northwestern United 
States (9). Lot “Bl” was associated with the early group of cases at Camp ' 
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the occurrence of cases in the population vaccinated vith lots 489 and 494 were 
governed only by chance.” 

Fox, et al concluded that the Brazilian epidemic most likely was caused by an 
agent residing within YF V and that the uneven distribution was based on a second- 
ary factor. This factor they believed to be non-infectious and probably 
associated with dietary'- habits of certain families in certain affected communities. 
The hypothetical factor was not discovered. Also, the authors considered the 
disease to be different from the commonly seen epidemic jaundice on two ac- 
counts, although the diseases admittedly were indistinguishable on clinical 
and pathological grounds. They considered the attack of an adult group in 
their epidemic to be unique because epidemics that did not follow immunizations 
were thought to affect children, mainly. Also, they believed that there was a 
difference in incubation period. 

These investigators apparently did not take into account the several epidemics 
that occurred in armies prior to 1938 that were not associated with vaccines or 
serums (6). It is noteworthy that a considerable epidemic attacked British 
troops in 1942 and they had not received suspicious inoculations (10). In re- 
gard to the “incubation period” in Brazil, it was assumed that the interval be- 
tween the time of inoculation with YFV and the appearance of clinical disease 
was the incubation period. By such a priori reasoning the etiological agent 
was placed inadvertently but necessarily in the vaccine. Similar reasoning per- 
meates epidemiological studies of jaundice when either vaccine or serum was 
involved (5-6). Even in experimental transmission studies little attention is 
given to the possibility of accidental cross-infection among experimental sub- 
jects (11). It is interesting to note that practically all cases in the Russian 
experience either were living or had lived in the same building (5). An out- 
break of jaundice was observed by Soper and Smith (14) in Brazil following the 
use of YFV in conjunction mth monkey antiserum. Human serum was not 
included at that time. 

The Camp "Baker” epidemic contains significant grouping of cases both 
temporally and spatially. It would be stretching credulity to assume that an 
ingested toxic factor explained the grouping of cases in the American Army. 
Both the universal appearance of cases and the standard of dietary control 
throughout the Army cast doubt on the probability that an ubiquitous food 
substance accounted for the focal design of the epidemic in this country. 

There is a considerable discrepancy in time between the 3.2 week incubation 
period determined by studying the distribution of cases during the epidemic and 
the period reckoned from the day of YFV inoculation. The latter period has a 
mode of either 12 or 16 weeks, depending on whether the whole epidemic 
period is considered to be either several waves or one (see fig. 1). All three 
intervals appear to be significant but only one can represent the true incu- 
bation period. If either the 12 or 16 week period is considered to be etio- 
logically significant, the selective gi’ouping of cases rather than chance ap- 
pearance at the onset of the epidemic is difficult to understand. On the basis 
of a 12 week incubation period a hypothetical vaccine-bom etiological agent 
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would be expected to effect the primary wave, and then a secondary wave by 
contagion would be expected to follow, in order to account for the prolongation of 
the epidemic period. The incubation period of the second or contagious wave 
would appear to have been curtailed from 12 to 3.2 weeks. Also, secondaiy 
cases would have had to have been recruited from unvaccinated individuals, 
those that were vaccinated vdth unincriminated vaccine, and those that did not 
prove to be susceptible to a hypothetical vaccine-bome dose. The secondary 
group would have had to have been considerably larger than the original sus- 
ceptible group at Camp “Baker” according to the relative sizes of the primary 
and secondary waves. Also, the vaccine-bome dose must not have increased the 
immunity of .the secondaiy group beyond the point of susceptibility to the 
contagious dose. Actually, the first wave included xmvaccinated indiriduals 
and the second wave was made up largely of individuals that received “ictero- 
genic” YFV, Also, the early group of cases in March had received vaccine of 
presumably low “icterogenicity”. 

On the basis of a non-contagious disease with a 16 week incubation period the 
grouping of cases in time and place also remains unexplaiued. Neither is a 36- 
fold increase in attack rate during the epidemic among the unvaccinated under- 
standable on a non-contagious basis. If the disease is looked upon as commun- 
icable to secondaiy cases, an incubation period of 16 weeks would be expected to 
show an accumulation of secondarj’- cases during September and October. In 
reality, the epidemic had largely depleted itself by September. 

The significant grouping of cases seen in figures 3-6 is eridence that the true 
incubation period of the epidemic disease has a range from 2 to 4 weeks and a 
mode of 3.2 weeks as seen in figure 7, These peaks fit in with the two major 
peaks seen in figure 1, namely, at the borderline of May ^d June and the end of 
Jime. An incubation period of 3.2 weeks is similar to that found in the Middle 
East epidemic in 1942 among British troops that did not receive YEV (10). 

The influence of YFV, nevertheless, needs to be accounted for. Although 
the onset of disease following vaccine has a considerable range, there is a re- 
lationship. Besides, it appears that certain lots of vaccine are tied up with 
jaundice a great deal more than others. It has been reported that the asso- 
ciation tends to be an exclusive property of a certain few lots of vaccine (6), 
although this did not prove to be consistent in this study. 

Lots of vaccine that are not considered to be “icterogenic” on a mass scale 
apparently have reputations in certain communities that rival the generally 
recognized “icterogenic” lots.® 

s A recent, long paper {Sawyer, W. A., Meyer, K. F., Eaton, M. D., Bauer, J . H., Putnam, 
P., and Schwentker, F. F. : Jaundice in army personnel in the western region of the United 
States and its relation to vaccination against yellow fever (Part I). Amer. Jour. Hyg., 
39:337-430, 1944 and (Parts II, III and W), Amer. Jour. Hyg., 40: 35, 1944) reports the wide- 
spread property of “icterogenicity” among the lots of YFV used 63 ’’ the Arm 3 % Among the 
8,324 soldiers of the study, 63 lots of YFV were used. Of these, 24 lots were associated with 
10 or more cases of jaundice. All remaining 39 lots were associated with at least one case. 
If the preepidemic attack rate of jaundice in the Army of 0.01 cases per 1000 per week be 
used as a baseline, it would appear that a total of approximatelv’’ 3 cases would be the ex- 
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The considerable variability in “incubation period” attributed to vaccine 
noted in Brazil and in our ow epidemic among different lots of vaccine does not 
favor the etiological character of vaccine in jaundice. Clinically identical jaun- 
dice has occurred among American troops in epidemic proportion in the .Pacific 
island area as long as 9 to 13 months after YFV administration (9). 

Although the YFV appears not to have had essential etiological significance, 
it seems to have played a real part in the background of the epidemic. This 
r61e has made it possible to predict, occasionally, where and when an epidemic of 
jaundice was likely to take root. Such predictions could not differentiate be- 
tween the factors of etiology and susceptibility in an epidemic. Precisely what 
lands of factors affect susceptibility in one or more individuals are generally 
obscure, yet probably form part of any epidemic background. Biological 
material contained in some YFV may have been a factor in the precipitation of 
epidemic jaundice. It is not unlikely that the physicochemical nature of 
homologous blood protein may become altered and, consequently, affect the 
equilibrium of relative immunity in its recipients. Such affects could vary from 
one lot of vaccine to another depending upon unpredictable and uncontrolled 
properties or events in the source, preparation and shipping of vaccine. It is 
interesting that the presence of human material in vaccines and serums asso- 
coated with epidemics of jaundice has been a common factor frequently (1-6), 
but not invariably (7-8). 

We are acquainted with the importance of exposure to inclement weather in 
the precipitation of respiratory infections (12) . Herpes simplex is prone to break 
out in individuals with naturally or artificially induced fever (13). These are 
among the common examples of precipitation of latent disease by non-specific 
factors. Several similar and familiar experiences have been encountered in the 
laboratory from tune to time. Epidemics may be initiated through stimulation 
of latent infection in certain foci, and transmission may proceed from such foci 
after a proper incubation period. 

The likely alteration of relative immunity in the inoculated population of 
Camp “Baker” may have attained a high level about 6 to 9 weeks after inoc- 
ulation with YFV. The mean incubation period of 3.2 weeks may have fol- 


pectancy during the 30 weeks of the epidemic among the 8,324 soldiers. If “icterogenicity” 
of YFV is considered to be primarily responsible for the epidemic attack rate of jaundice, 
only a maximum of 3 lots (one case per lot) out of 63 may be considered free of “ictero- 
genicity” and 60 lots to have “icterogenicity” to some degree. 

The level of significant “icterogenicity” appears to be entirely arbitrary. It would 
appear difficult to define “icterogenicity” in terms of occasionally contaminated vaccine 
in the face of its alleged universal presence. 

It is noteworthy that figures 1,2,3, 4, 5, 8, 9, 13 and 14 in the same paper contain graphs 
with peaks about 2 to 4 weeks apart. Although the peaks are not striking individually, the 
consistent appearance is interesting. 

Figures 11 and 13 are based on cases rather than percentage of cases among individuals 
probably unvaccinated or vaccinated with YFV of low “icterogenicity.” The cases arising 
out of the relatively small proportion of soldiers remaining unvaccinated during the epi- 
demic period may represent a high attack rate. Such evidence suggests that a high attack 
rate is not necessarily dependent upon “icterogenicity” of YFV. 
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lowed attninmciii of susccptibiIit 3 L The epidemic started about 9 weeks and 
reached a peak 12 weeks after inoculation. Subsequent waves appear to have 
followed at 3 to 4 week intervals. 

Sporadic prcvaccine cases of jaundice plus the multiple occurrence of cases in 
particular barracks during the first wave suggest that carriers maj'^ disseminate 
the causative agent focallj’ and that disease maj' appear in those foci under the 
influence of a precipitating factor (12). 

The difficulty in isolating an etiological agent from jaimdice leaves open a 
possibility that there ma\' be more than one etiological agent operative in these 
cases regardless of their clinical pathological identity. One example of such a 
possibility is seen in influenzal viruses A and B. Multiplicity of etiology in the 
epidemic, however, does not justify the point of view that an essential etiological 
agent maj’- have been present in the YFV. 

The widespread use of human serum and other materials that may affect 
immune processes suggests a need for investigation into the causes of such effects. 

SUMM-ARY 

1. Spatial and temporal grouping of cases of jaundice in certain barracks and 
units among troops ha%ing received common YFV at approximately the same 
time points towards a communicable disease rather than one caused by “ictero- 
genic” vaccine. 

2. Similar grouping of cases in units that received mildly “icterogenic” YFV 
at an earlier period tends to substantiate communicability. 

3. A 3G-fold increase in attack rate in the unvaccinated population over the 
preepidemic rate during the major epidemic adds to the probability of commun- 
icability of jaundice. 

4. There is significant evidence of an incubation period ranging from 2 to 4 
weeks with a mode and mean of 3.2 weeks, a standard deviation of ±0.72, and 
a coefficient of variation of 22.5 per cent. 

5. YFV used on certain Annj’’ posts appears to have had the property of 
predisposing its recipients to the communicable disease referred to as jaimdice. 
The property varied in degree among the several lots of YFV. 

6. The mode of transmission of jaundice is not ascertained but the common 
finding of personal association suggests dissemination by droplet or physical 
passage from hand to mouth. Flies maj’’ act as mechanical vectors. Carriers 
and indiwduals, inapparentty infected, probably play important roles m the 
epidemiolog}’- of jaundice. 

7. The interval of time between administration of YFV and the epidemic 
appearance of jaundice cannot be called ar^ “incubation period” properly since 
it is not direetty related to the incubation of an infectious agent. 

8. It is likely that all cases of jaundice at Camp “Baker”, whether they did 
or did not receive YFV, had a common etiology although proof must await 
isolation of an etiological agent and the establishment of a specific diagnostic test. 

I wish to express gratitude to Colonel Thomas J. Leary and Lieutenant Long 
of his staff for their excellent cooperation in the field study, and to Jane Evans 
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of Dickinson College for help in preparing the statistical information contained 
in this paper. I am grateful for the support lent by Colonel Harry Plotz in its 
publication. 
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STUDIES ON SUSCEPTIBILITY OF MARSUPIALIA TO DIFFERENT 
STRAINS OF YELLOW FEVER VIRUSi 

H. W. LAEMMERT, JR., M.D.* 

Duiing the years 1934 to 1940 a progressive epidemic wave of jungle yellow 
fever swept through the central and southeastern states of Brazil, being preva- 
lent in most of the forested areas of these states. Presumably it reflected an 
epizootic, transmitted by blood-sucMng arthropods by which man became in- 
fected when working or traveling through these forested areas. 

As it w^as important to ascertain which animals were implicated in maintaining 
the virus in the forest, a systematic search for susceptible animals was initiated 
by several workers. Before 1934 it had been demonstrated by Davis (1, 2, 3, 4) 
that certain species of South American primates, including marmosets, were 
susceptible to yellow fever virus. Bugher ei al. (5), in 1941, published a report 
on the sxisceptibihty of Marsupialia to yellow fever virus. Recently Bates (6) 
reported experiments performed mth marsupials, testing the susceptibility of 
twm species. 

The scope of this paper is to report additional observations on the suscepti- 
bility of Marsupialia to different strains of yellow fever virus. 

MATERIAL AND METHODS 
Animals 

All of our animals, with two exceptions, were captured by our field units in 
areas in which yellow fever had been reported previously. The exceptions were 
the animals taken in the Lljnca woods (Federal District) and in the Baixada 
Fluminense, both in the vicinity of Rio de Janeiro. Captures were made either 
during the epidemic, as in the state of Esplrito Santo, or a year or more after- 
wards, as in the other areas. For the most part young animals were used in the 
tests for susceptibility. 

A list of the various species studied, their common names, and the locality 
from which specimens were obtained is given below:® 

1) Didelphis marsupialis L. — common opossum. Captured in the Tijuca 
woods (Federal District), Mangaratiba and Teresdpolis (State of Rio de Janeiro), 
A16m Parafba (State of Minas Gerais), and in the State of Esplrito Santo, south 
of the Rio Doce. 

* The work on which these observations are based was carried out under the auspices of 
the Servigo de Estudos e Pesquisas sdbre a Febre Amarela (Yellow Fever Research Service), 
which is maintained jointly by the Ministry of Education and Health of Brazil and the In- 
ternational Health Division of The Rockefeller Foundation. 

® From the Laboratory of the Servijo de Estudos e Pesquisas sobre a Febre Amarela, Rio 
de Janeiro, Brazil. 

5 We are indebted to Joao Moojen, of the Museu Nacional, Rio de Janeiro, for the identi- 
fication of most of the animals used. 


33 



34 


H. W. LAEMMEUT, JR. 


2) DidelpMs paraguayensis Oken. — white-eared common opossum. Captured 
at'Pouso Alto, southern Goiaz. 

3) Mcfachirops opossum (L.) — graj' masked opossum. Captured in Man- 
garatiba, Sao Joao Marcos, and the Baixada Fluminense (State of Rio de Ja- 
neiro), and in Aldm Paralba (State of Minas Gerais). 

4) Mctachirus midicaudatiis (E. Geoff.) — browm masked opossum. Captured 
in Mangaratiba (State of Rio de Janeiro), Tijuca woods (Federal District), A14m 
Paraiba (State of Minas Gerais), and in the State of Esplrito Santo, south of the 
Rio Doce. 

5) Caluromys philander (L.) — woolly opossum. Captured in the Tijuca 
woods (Federal District), and Teresdpolis (State of Rio de Janeiro). 

6) Marmosa cinerea (Temminck) — murine opossum. Captured at Ilhdus 
(State of Bala). 

7) Marrnosa incana (Lund) — murine opossum. Captured at Aldm Paralba 
(State of Minas Gerais). 

All of these animals were satisfactorily maintained under laboratory condi- 
tions. They were fed on meat, oranges, bananas, and our standard mouse food. 
Some difficulty was encountered in keeping murine opossums alive, as they are 
rather delicate animals. However, when newborn white mice and larva of the 
meal worm (Tenebrio sp.) were added to the diet, these animals could be main- 
tained alive for several months. 

Methods of infection 

Intraperitoneal inoculation of the pantropic strains of yellow fever virus was 
employed at the beginning of the experiments, but this route was abandoned 
shortly. The majority of the animals studied were inoculated subcutaneously. 
In some instances, for the sake of comparison, other routes were employed. In- 
tracerebral inoculations were made through a small hole bored in the skull, and 
the virus suspensions were injected into the midbrain. For intradermal inocu- 
lation the ventral surface of the thorax was shaved, and 0.5 ml. of the virus sus- 
pension was distributed over a scarified area, measuring 15 mm. in diameter, and 
was carefully rubbed in. For intranasal instillation, 0.5 ml. of the inoculum was 
introduced into each nostril by means of a syringe and blunt needle, while the 
animals were under light ether anesthesia. 

F?ms strains employed 

In most of oiu- experiments the J.Z. strain, isolated in 1937 in the State of 
Mato Grosso, or the 0. C. strain, isolated in the State of Espfrito Santo in 1940, 
was used. These strains were isolated in and passaged solely thi’ough rhe.sus 
monkeys (7). In two experiments the jungle strains M.D. and J.A., isolated and 
passaged in mice (3rd mouse passage), were employed. The Colombian jungle 
strain Martinez (5, 7), was used in some experiments with D. marsupialis. The 
Asibi strain was employed when in its 39th to 43rd rhesus passage. In one ex- 
periment the 17th rhesus passage was used. 

Besides these pantropic strains, the French neurotropic strain was employed 
in its 520th to 575th mouse passage. 
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. Tests for susceptibility* 

Idlest of the animals imder study were inoculated uith small doses of virus. 
The \irus inoculum was titrated in tenfold dilutions in 10 per cent normal mon- 
key serum saline, and each dilution was inoculated intracerebrally in 0.03 ml. 
amount into each of a group of 6 or 12 albino Suiss mice. In general, the surviv- 
ing mice, whether iniected with the virus inoculum or vith material from inocu- 
lated marsupials, were “challenged” by a intracerebral inoculation of ±500LDsd 
of French neurotropic virus. The \nrus titers were calculated on the basis of a 
combined 50 per cent mortalitj* and immunity, end point. 

The inoculated marsupials were bled from the heart on successive days to test 
for the presence of circulating \irus. The serum from these bleedings was inocu- 
lated intracerebrally in 0.03 ml. amounts into sLv albino Sniss mice of 17 to 35 
days of age. The undiluted serum of Didelphis and Metachirops was toxic when 
inoculated intracerebrall}' into mice, and was, therefore, diluted 1:3 or 1:5 in 
saline. In the case of Marmosa and the very young animals of other species, 
whole blood was used. This was inoculated immediately into mice nith the same 
s\Tinge and needle wliich had been used for bleeding. 

After a period of about 30 days the test animals were bled to determine 
whether neutralizing antibodies were found in their serum. Sera obtained prior 
to inoculation (except in the case of the newborn or pouch-young animals) served 
as controls and were tested at the same time by the intraperitoneal test in young 
mice (8). However, in certain experiments vith D. marsupialis infected with 
the Martinez \irus strain, Marmosa incana, and M. cinerea, the intracerebral 
neutralization test was employed (9, 10). None of the animals deesribed here 
were considered to be immune prior to the test inoculation. 

EXEERIMENTAL 
Didelphis marsupialis L. 

The common opossum is prevalent in all parts of southeastern Brasil. This 
ubiquitous animal is found in forest and field and frequently visits houses to seek 
food or shelter. A total of 162 indiriduals was used. Of these, 82 ivere adults, 
27 were juveniles, and 53 were newborn; the latter wnre still being carried in the 
pouch. 

All the juvenile, new'bom, and 48 of the adult opossums were tested for circu- 
lating \irus, and the survivors w'ere bled later for immunity. Table 1 summarizes 
these e.xperiments. Of the 48 adults tested, only one was shown to circulate 
virus in the blood stream. This animal had been inoculated with 4.8 X 10* 
LDfio of the Martinez strain, and virus circulated on the sixth to the eighth day. 
Of the 27 juveniles tested only one was found to circulate virus. This one had 
been inoculated with 1 X 10* LDso of the Asibi strain, and \irus w'as recovered 
from the third to the sixth day after inoculation. 

A susceptible species is defined in this paper as one in which, the majority of the inocu- 
lated animals (a) circulated virus for two or more consecutive days, after an initial period 
of at least 24 hours during which no virus was demonstrable in the blood, (b) subsequently 
developed neutralizing antibodies. 
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Of the 26 newborn opossums, none circulated virus after inoculation vith 
either of two jungle strains of yellow fever virus. In five out of 27 injected vith 
Asibi strain, virus was demonstrable, but on the second day onl 3 \ The sur^d\ung 
animals were tested later for immunity and only four, all inoculated with J.Z. 
virus, were found to possess neutralizing antibodies. 

These experiments also indicate that only a small fraction of the inoculated 
opossums develop a humoral immunity. Thus, out of 103 surviving animals of 
all age groups, only 13 showed circulating antibodies. Of the three adult opos- 


TABLE 1 

Circulation of virus in Didelphis marsupialis after the administratiori of various strains 

of yellow fever virus 


ANIMAL 

VIRUS INOCULUM 



RESULTS 


Num- 

ber 

tested 

Age 

Strain 

Range of Ln«o of 
virus inoculated 

Route* 

Days tested for 
virus 

Number 

circu- 

lating 

virus 

Bays on 
which virus 
circulated 

Immu- 

nity 

ratio! 

11 

Adult 

M.D. 

3 X 10‘ 

I.P. 

2nd to 12th 

0 


n 

7 

Adult 

J.A. 

S.2 X 10» 

I.P. 

2nd to 12th 

0 


mam 

4 

Adult 

F.N. 

1.5 X IQo to 
1.5 X 10' 

I.C. 

1st to 7th 

0 


Dh 

3 

Adult 

F.N. 

3 X 10' to 

3 X 10' 

I.N. 

Ist to 7th 

0 


0/2 

23 

Adult 

Martinez 

9 X 10" to 
4.8 X 10' 

S.C. 

1st to 7th and 
8th 

1 

6th to 8th 

2/20 

12 

Juvenile 

Asibi 

1 X 10' to 

3 X 10' 

S.C. 

1st to 7th and 
2nd to 6th 

1 

3rd to 6th 

2/8 

7 

Juvenile 

J.Z. 

8.2 X 10' 

S.C. 

2nd to 5th 

0 


1/5 

8 

Juvenile 

O.C. 

9 X 10' 

S.C. 

2nd to 5th 

0 


3/8 

27 

Newborn 

Asibi 

5 X 10' to 
1.2 X 10' 

S.C. 

1st to 7th and 
10th 

5 

2nd 

0/14 

14 

Newborn 

J.Z. 

3.7 X 10' 

S.C. 

1st to 5th 

0 


4/13 

12 

Newborn 

O.C. 

4.3 X 10' 

S.C. 

1st to 5th 



0/12 


* Route: I.P. = intraperitoneal, I.C. = intracerebral, I.N. = intranasal, S.C. = sub- 
cutaneous. 

t Numerator = number of animals developing antibodies; denominator = total number 
of animals surviving the experiment. 

smns which became immune, one had been inoculated intracerebrally vith a large 
amount of French neurotropic virus, and two had been inoculated subcutaneously 
with the Martinez strain. Six of 21 juvenile opossums became immune, and 
only a small percentage of the newborn opossums showed a humoral immunity 
after the test inoculation. It should be noted that these newborn animals were 
not bled prior to the virus injection. 

In order to compare the immunity response of the adult opossum to infections 
produced by injections other than by the subcutaneous route, a few additional 
experiments were performed. As can be seen from table 2 the route of inocula- 
tion seemed to be of no importance. Only the animals which received a large 
amount of \drus developed a humoral immunity. 
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From tliese experiments we conclude that adults of the species D. Tnarsiipialis 
are resistant to the Asibi strain, the Brazilian jungle strains, the Martinez strain, 
and the French neurotropic strain. Only one out of 23 inoculated vith the Mar- 
tinez strain, a strain of Colombian origin wMch was used exiicnsively in the ex- 
periment of Bugher et al., circulated virus. Adult opossums, as a ride, required 
the inoculation of a large amount of virus in order to develop circulating anti- 
bodies. Young and juvenile opossums, while still in the pouch, were tested 
against the Asibi, J.Z., and O.C. strains; but, with the exception of a minority 
inoculated vith the Asibi strain, thej'' failed to circulate virus on the days tested. 
The immunitj’^ response of these ^mung opossums was poor. 

TABLE 2 


Reaction of Didelphis niarsupialis after the administration of yellow fever virus by 

different routes 


ANIMALS 

VIRUS INOCULUM 

RESULT 

Number tested 

Age 

Strain 

LDjo inoculated 

Route* 

Immunity 

ratiot 

6 

Adult 

F.N. 

3 X 10* i 

I.N. 

6/6 

11 

Adult 

Asibi 

2.2 X 10* 

I.P. 

11/11 

5 

Adult 

Asibi 

7.5 X 10* 

I.P. 

0/5 

3 

Adult 

Asibi 

3 X 10’ 

I.D. 

0/3 

3 

Adult 

F.N. 

9.5 X 10* 

S.C. 

i 3/3 

3 

Adult 

F.N. 

9.5 X 10* 

I.C. 

3/3 

3 

Adult 

F.N. 

9.5 X 10* 

I.D. 

3/3 


♦Route; I.N. => intranasal, I.P. — intraperitoneal, I.D. = intradermal, S.C. = sub- 
cutaneous, I.C. = intracerebral, 
t See table 1. 


Didelphis paragnayensis Oken 

The white-eared opossum is at home in the southcentral states of Brazil, 
where yellow fever was present from 1934 to 1937. At the beginning of 1942 a 
few of these animals were captured in southern Goiaz. These were tested by the 
subcutaneous inoculation of the Asibi strain and also the J.Z. and O.C. jungle 
strains. They were bled from the heart on the second and the seventh day. 
Two adults were inoculated vith 6 X 10® LDeo of Asibi virus. One failed to show 
virus in circulation but developed partial immunity. The other had a small 
amount of virus in the blood stream, on the second day only, and developed neu- 
tralizing antibodies. 

Of six young animals inoculated with moderate doses of either the O.C. or 
J.Z. strains, none cii’culated virus and none developed neutralizing antibodies. 

Didelphis paragiiayensis was found to be resistent to the strains used. 

Metachirops opossum (L.) 

The grey masked opossum occurs in forests and second growth. Thirty-six 
adults of this species and 32 young still in the pouch were tested. 

Thirty-four of the adults were tested against various strains of 3 'eIIow fever 
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virus. The results of this test are presented in table 3. Fourteen were inocu- 
lated vdth the liigh passage Asibi strain and five showed circulating virus. Of 


TABLE 3 

Occurrence of circulating virus in adult Metachirops opossum after subcutaneous 
administration of yellow fever virus 


VlJinS INOCULUM 


CIECULATINO VIRUS IN FOLLOWING DAYS* 


NEUTRALIZATION TESTf 


AKUIAL 

KITUBER 

Strain 

LDio 

1 

2 

3 

1 

s 

6 

1 

8 

Pre-_ 

inoculation 

Post- 

inoculation 

PR 

AST 


m 

1 

Asibi high 

3.6 

X 

10‘ 

0/6 

5^ 


0/3 


0/6 


Died 

1/6 

Mi 



2 

Asibi high 

3.6 

X 

10* 

0/5 

0/6 


0/4 


0/4 

fm 



7.66 

0/6 

5.83 

3 

Asibi high 

2.5 

X 

10* 

0/4 

0/5 


0/5 


0/5 



0/6 



9.00 

4 

Asibi high 

2.5 

X 

10* 

0/5 

0/5 


0/5 

fm 

0/6 

fw 

mW 

0/6 

3.50 

0/6 

3.67 

5 

Asibi high 



10’ 

0/6 

0/5 

5/5 

0/6 

fa 

0/6 



1/6 

4.83 


10.0 

6 

Asibi high 

2.5 

X 

10’ 

0/4 

0/4 


0/5 

fa 


Died 

0/6 

4.33 



7 

Asibi high 

■rHii 


10’ 

0/5 

0/4 


m 

Sc 

0/5 

Died 

1/12 




8 

Asibi high 

7.5 

X 

10’ 

0/5 

0/6 


0/6 

IS: 

0/5 

m 


4/12 


11/12 


9 

Asibi high 


a 

10’ 

0/6 

0/5 


m 


0/5 



0/6 

5.33 


10.0 


Asibi high 

3.6 

X 

10’ 

0/6 

0/6 

0/6 

0/6 


0/5 



0/6 

5.16 

0/6 

5.50 

11 

Asibi high 



10’ 

0/3 

0/3 

0/6 

0/3 


0/6 



0/6 


0/6 

4.00 

12 

Asibi high 

2.5 

X 

10’ 

0/6 

0/4 

0/4 

m 


0/5 



0/6 


0/6 

4.00 

13 

Asibi high 

7.5 

X 

10» 

0/3 

0/3 

0/5 

0/5 


0/4 



0/12 


1/12 


14 

Asibi high 

7,5 

X 

lO" 

0/5 

0/2 

0/6 

m 


0/6 



1/12 


1/12 


15 

Asibi low 

1.9 

X 

10’ 

0/5 

0/4 

0/5 

0/6 


0/5 



0/6 

3.83 

0/6 

4.00 

16 

Asibi low 

1.9 

X 

10’ 

0/5 

2/5 


m 






4.17 

6/6 

10.0 

17 

Asibi low 

1.9 

X 

10’ 

0/6 

0/6 

0/6 

0/4 





E81 

4.33 

0/6 

3.83 

18 

Asibi low 



10’ 

0/5 

0/2 


1/6 





0/6 

4.17 

1/6 

5.67 

19 

Asibi low 

1.9 

X 

10’ 

0/6 

0/6 

0/6 

0/4 






3.67 

0/6 

4.33 

20 

Asibi low 

1.9 

X 

10’ 

0/6 

0/5 

0/6 

0/6 


0/5 



0/6 

3.87 

0/6 

4.00 

21 

O.C. 

2.2 

X 

10’ 

0/3 

0/6 

m 

m 




0/6 


4.50 

6/6 

10.0 

22 

O.C. 

2.2 

X 

10’ 

0/5 

0/6 

0/5 

0/6 


0/5 


■inn 


4.67 

0/6 

5.33 

23 

O.C. 

2.2 

X 

10’ 

0/5 

0/5 

0/4 

0/4 


0/4 



0/6 

4.67 

0/6 

4.67 

24 

O.C. 

2.2 

X 

10’ 

0/3 

0/5 

0/5 

0/6 

0/2 

0/3 



1/6 

5.33 

0/6 

4.50 

25 

O.C. 

2.2 

X 

10* 

0/5 

0/6 

0/6 



0/6 





1/6 

5.17 

26 

O.C. 

2.2 

X 

10* 

0/4 

0/6 

0/6 

0/6 


0/6 


BB» 

0/6 

4.83 

0/6 

5.00 

27 

J.Z. 

2 

X 

10* 

0/4 

0/5 

0/5 

Em 

m 

0/3 

Died 

0/6 

5.16 



28 

J.Z. 

2 

X 

10* 

0/4 

0/5 

0/4 

0/5 

m 

1/2 

3/5 



5.33 

3/6 

S.OO 

29 

J.Z. 

1.4 

X 

10’ 

0/5 

0/6 

0/6 

0/6 


Died 

0/6 




30 

J.Z. 

1.4 

X 

10’ 

0/5 

0/6 

1/5 

0/5 


Em 




8.17 

0/6 

5.00 

31 

J.Z. 

2 

X 

10’ 

0/3 

0/4 

0/4 

0/1 

fw 

0/4 




4.83 

0/6 

5.16 

32 

J.Z. 

2 

X 

10’ 

0/3 

0/4 

0/6 

0/4 


0/4 

Imi 


1/6 

6.16 

6/6 

10.0 

33 

J.Z. 

1.4 

X 

10* 

0/4 

0/6 

0/6 

0/6 


Died 





34 

J.Z. 

1.4 

X 

10* 

0/5 

0/5 

0/6 

0/6 



1/6 


0/6 

4.33 


* Denominator = number of mice inoculated; numerator = number of mice dead or 
immune. 

t PR = protection ratio; number of mice protected over total inoculated. AST = 
average survival time of inoculated mice. 


these, tliree survived and developed neutralizing antibodies. Six othei-s were 
tested against the low passage Asibi strain. Two circulated virus, but only the 
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one wMch showed the largest amount of virus in the blood stream acquired 
humoral immunity. 

Six others were inoculated vith the O.C. virus strain. One of two which had 
been inoculated vith 2.2 X 10^ LDao showed a very small amount of virus in the 
circulation and was the onlj'' animal to develop neutralizing antibodies. 

Eight animals of this species were tested against the J.Z. strain, and again one 
had %irus in the blood stream, but only on the 7th day, which was the last day 
of the test. This one became immune. 

Two adult gray masked opossums were inoculated intracerebrally vdth over 
7 X 10^ LDm of French neurotropic virus in its 526th mouse passage. The ani- 
mals were under observation for 20 days, and no sign of encephalitis was observed 
during this period. On the 20th day both animals were bled to death. The 
skulls were examined, and in one the perforation through the cranium was still 
%dsible. Judging by its location the inoculation had been made into the mid- 
brain. Both animals had developed circulating antibodies by the 20th da 3 L 

Thirty-two young opossums, stUl being carried in the pouch, were inoculated 
subcutaneously vith various strains of yellow fever virus. The larger animals 
were bled at inteiwals, but the smaller individuals, which could not be bled, were 
saciificed by decapitation, one on each day, and the brain was removed under 
aseptic conditions. The skin over the thorax was dissected off, and the heart, 
lung, and liver were removed. With still smaller animals the thorax-, without the 
skin but containing its -viscera, was saved. After weighing, the different parts or 
organs were gi-ound up in(ii%iduallj'- in a mortar, -vvithout abrasive, and were 
made up to a 10 per cent suspension in normal monkey serum-saliue. The sus- 
pension was spun in an angle centrifuge at 3,500 r.p.m. for 30 minutes, and the 
supernatant was tested for -virus. Table 4 shows the results obtained. Against 
all ex-pectations \irus was recovered only in six instances. However, it is of in- 
terest that, again, more indi-viduals showed \irus in the blood stream or in the 
■viscera after the administration of the Asibi than vith other -virus strains. No 
■virus was found in the brains of the animals tested. The immxmity response 
was poor. Of two which had -virus in the blood stream on the third day, only one 
developed circulating antibodies. 

Meiachirops opossum should be considered as resistant to the \irus strains used, 
especially to the jungle -virus strains, although a small percentage of the inocu- 
lated animals showed -viras in circulation. 

The immunity response to the strains employed was poor. Only a portion of 
the animals that had virus in circulation developed neutralizing antibodies. 

MeiacMnis midicaudatus (E. Geoff.) 

The brown masked opossum is found in the forest and second growth. It is 
prevalent in all parts of the central and southeastern states of Brazil. 

Forty-four adult opossums of this species Avere used. Of these, forty-two were 
inoculated subcutaneously with pantropic ^mlloAV fever -virus strains, and teste 
for \drus in the blood stream were made. Table 5 sinnmarizes these experi- 
ments, and table 6 shoAVS the details of one single experiment, giAung the results 
of the daily bleedings and of the neutralization teste. 
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Two of the opossums were inoculated intracercbrall}’’ with over 7 X 10® LDso 
of French neurotropic %arus. None developed encephalitis during a 20-da5’' ob- 

TABLE 4 


Reaction of pouch-young Mctachirops opossjtm after subcutaneous inoculation of yellow 

fever virus 


ANIMALS 

VIRUS INOCULUM 

UAVS TESTED TOR VIRUS 

ORGANS 
INOCULATED 
INTO MICE* 

RESULTS 

Number 

tested 

Average 

weight 

Strain 

LDio 

No. 

with 

virus 

Days in which 
virus wiis 
present 

Immu- 

nity 

ratiof 


SrarM 








6 

3.45 

Asibi 

1 X 10’ 

one each from 1st 

Brain 

0 







to 6th 

L.L.H. 


3rd and 5th 


4 

27.0 

Asibi 

9.6 X 10’ 

2 on alternate days , 

Blood 


2nd and 3rd 

1/2 





1st to 5th 





8 

1.83 

O.C. 

5.6 X 10’ 

1 each day on 1st 

Brain 

0 







to 8th 

Thorax 

1 

6th 


7 

28.0 

o.c. 

2 X 10’ 

3 and 4 alternating 

Blood 

0 


1/5 





on Ist to 5th 





7 

23,0 

J.Z. 

3.5 X 10’ 

4 and 3 alternating 

Blood 

0 


2/6 





on 1st to 5th 






* L.L.H. = pool of liver, lung, and heart; thorax = thorax plus its viscera, 
t See table 1. 


TABLE 5 


Reaction of Metachirus nudicaudatus after subcutaneous injection of yellow fever virus 


NUMBER 

\TRUS INOCULUM 

RESULTS 

or 

ANIMALS 

TESTED 

strain 

Range oi LDie 

LDw producing 
circulating virus 

Days tested for virus 

No. with 
circu- 
lating 
virus 

Days in 
which virus 
was present 

Immu- 

nity 

ratio* 

10 

Asibi 

0.95 X lO® to 
9.5 X 10’ 

1.3 X 10’ to 
9.5 X 10* 

Ist -b 2nd to 7th 

6 

2nd to 6th 

5/10 

19 

J.Z. 

1.2 X 10« to 
8 X 10* 

1.2 X 10’ to 
8 X 10* 

1st 4- 2nd to 7th 

7 

2nd to 6th 

6/12 

13 

O.C. 

5 X 10» to 
3.8 X 10’ 

5 X 10’ to 
3.8 X 10’ 

1st ■+• 2nd to 7th 

13 

1st to 6th 

12/12 


* See table 1. 


servation period. When sacrificed on the 20th day, one still showed evidence 
that the injection had been made into the midbrain. Both developed circulat- 
ing antibodies. 




















YELLOW - FEVER VIRUS : IK. . MARSUPIALIA. 


41 


In the light of these experiments, MetacUrus nudicaudatus shoiM. be considered 
as a susceptible species. It could be infected with the Asibi, J.Z., and O.C. 
strains of j’-ellow fever ^drus, but was much more susceptible to the O.C. strain 
than to the others. The incubation period was short, and virus persisted in the 
blood stream for three or more days. However, the immunity response to the 
virus strains employed was weak, and it cannot be compared to that developed 
in primates. After the inoculation of a small amount of Asibi or J.Z. virus, 
there were animals which, in spite of having circulated virus in the blood stream 
for several days, did not show any significant difference between serum drawn 
prior to the test and that secured on the 30th day of the experiment. It is pre- 
sumed that these animals developed some degree of immunity, but that this was 


TABLE 6 


Detail of Table 5. Reaction of M. nudicaudatus - 












KECiaAIiZATION' lEStf 

AKIiUZ. 

KXJUBER 

\'IRUS IKOCULUK 

CIRCUIATIKC VlfiUS ZK TOLLOWING DAYS’ 

Preinocula- 

tion 

Postinocuia- 

tion. 


Strain 

LDn 

n 

2 

3 

D 

5 

6 

7 

PR 

AST 



1 

Asibi 

1.3 X 10= 

0/6 

pa 

6/6 

3/6 


0/6 

0/6 

0/6 



7.0 

2 


1.3 X IQi 

0/6 


m 

5/5 

1/6 

0/6 

0/6 

0/5 

KSu 

0/5 

4,80 

3 


1.3 X 10“ 

0/6 

0/6 

0/6 

0/5 

iSi 

0/6 

0/6 

0/6 

4.66 

0/6 

4.0 

4 

J.Z. 

1.2 X 10= 

0/6 

6/6 

6/6 

5/5 


0/5 

0/6 

0/6 


1/6 

4.83 

6 


1.2 X 10= 

0/5 

m 

5^ 

6/6 



0/6 

0/6 

HQ 

Died 

6 


1.2 X 10“ 

0/6 

0/6 

0/5 

0/6 

0/6 

0/5 

0/6 

1/6 

BBS 

0/5 

4.80 

7 

O.C. 

5 X 10= 

1/6 

5/6 

5/6 

6/6 

0/6 

0/6 

0/6 

0/6 

4.33 

5/6 

9/66 

8 


5 X 10= 

0/6 


6/6 

5/6 

0/5 

0/5 

0/5 

0/6 


4/6 

8/33 

9 


5 X 10= 

0/6 

0/6 

3/6 

6/6 

5/6 

0/6 

0/6 

0/6 

4.33 

6/6 

10.0 

10 


5 X 10= 

0/6 

1/5 

5/6 

3/6 

2/6 

0/6 

0/6 

0/4 

4.50 

3/6 

8/50 


* Denominator = number of mice inoculated; numerator = number of mice dead or 
immune. 

f PR = Protection ratio; number of mice protected over total inoculated. AST =» 
Average survival time of inoculated mice. 


of short duration. All 13 animals tested against the O.C. strain had circulating 
antibodies on the 30th day of the experiment. However, a certain number of 
sera had only a partial neutralizing capacity. 

Caluromys 'philander (L.) 

The wooUy opossum is a semi-arboreal animal, sleeping during the day in some 
cavity or nest above the ground. Twelve individuals of this species were tested. 

In a preliminary experiment each of four animals was inoculated with 7 X 10^ 
to 7 X 10® LDso of Asibi virus and tested for circulating virus from the first day 
post inoculation. Virus was recovered in all four on the second day, but three 
died from bleeding accidents on this and the foUovang day. One siur\ived re- 
peated bleedings, shoving virus in the blood stream for four consecutive days 
and developing neutralizing antibodies. 
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Table 7 summarizes the following experiment. 

Opossums 5, 6, and 7 were inoculated subcutaneously with the O.C. strain. 
They circulated virus on three consecutive daj^s and developed neutralizing anti- 
bodies. 

Animals 8, 9, 10, and 11 were inoculated subcutaneously with the J.Z. strain. 
None circulated virus and, with the exception of opossum no. 8, none show’^ed a 
humoral immunity. Opossums 9 and 10 w^ere subsequently inoculated with the 
O.C. strain, and no. 11, together with no. 12, a control animal, was inoculated 
with the Asibi strain. All circulated \irus and developed neutralizing antibodies. 

From these limi ted experiments it is concluded that C. philander is not sus- 
ceptible to the J.Z. strain of yellow^ fever ^irus but is readilj’^ susceptible to two 

TABLE 7 

Reaction of Caluromys philander to subcutaneous inoculation of yellow fever virus 



* Denominator = number of mice inoculated; numerator = number of mice dead or 
immune. 

t PR = protection ratio; number of mice protected over total inoculated. AST = 
average survival time of inoculated mice. 


other yellow fever virus strains. None of these three strains can be differen- 
tiated by immunological reactions. 

Mannosa cinerea (Temminck) 

Eleven animals of this species were tested against the O.C. and J.Z. strains of 
yellow fever virus. 

AU these opossums w'ere inoculated by the subcutaneous route and were bled 
for circulating virus on the second, fourth, sixth, and ninth day of the experiment. 
Six were inoculated, each with 7.5 X 10- LDso of O.C. wus, and all but one 
showed variable amounts of virus in circulation. In one opossum ■sii'us could 
be demonstrated on the ninth daj’- only, and the following day the animal w^as 
found dead, probably as the result of bleeding. Blood serum and brain and liver 
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suspensions of the dead animal were tested and virus was found in each instance, 
the highest concentration being in the serum. Three murine opossums survived 
up to the 30th day. One wdiich had not circulated virus became immune. Of 
the two surniing animals which circulated \arus, one failed to develop antibodies 
but the second became immune. 

Five other animals of the species received 1.5 X 10^ LD 50 of J.Z. virus each. 
None circulated ^drus and none developed neutralizing antibodies. 

Mannosa cincrca should also be considered a susceptible animal, at least to the 
O.C. %irus strain. 


Mannosa incana (Lund.) 

This murine opossum, like the preceding species, is a semi-arboreal animal pre- 
ferring for its habitat thick undergrowth in forests and cultivated land, in w^hich 
it can build its nest and seek shelter and food. 

Thirty Mannosa incana were tested against three strains of yellow fever virus. 
As these animals are fragile, w'eigliing about 50 grams, many died during the 
course of the e.\*periment from bleeding injury, and only 16 could be tested for an 
immime response. Only animals which survived at least three consecutive bleed- 
ings during the course of the susceptibility study are recorded here. 

Six opossums were tested against the Asibi strain, each receiving an amount of 
\irus ranging from 1.4 X 10* LDso to 6.8 X 10® LDso. All circulated virus for 
three consecutive da 5 fs, with the exception of one which received the smallest 
virus dose and from which \irus could be recovered on the third day only. Only 
four of the animals could be tested for immunity, and all of these were found to 
have circulating antibodies. 

Ten animals were inoculated with the O.C. strain of virus. The amount of 
virus inoculated varied from 5 X 10* LD 50 to 3.8 X 10* LD^o. All showed %irus 
in the circulation. The ones w*hich received the higher amount of virus showed 
an early and short period of \irus circulation, namely tw'O to three days, begin- 
ning on the second day of the axperiment. The ones inoculated with the smallest 
amount of virus had a longer period of circulating virus, i.e. four or five consecu- 
tive days, beginning on the second or third day of the experiment. Only two 
could be tested for immunity, and both had developed circulating antibodies. 

Fourteen murine opossums w*ere inoculated with the J.Z. strain of virus. The 
virus dose inoculated into each varied from 8 X 10* LDso to 5 X 10* LDso- Only 
seven showed virus in the blood stream. As it w*as conceivable that virus could 
appear late in the circulation, five opossums were bled on alternate days up to the 
13th day of the experiment. Table 8 gives the details of two such sets of experi- 
ments. It can be seen that five animals circulated virus. Two of the three am- 
mals receiving the largest amounts of virus had the longest period of circulation, 
but the third animal, receiving the same amount, failed to show' either virus or 
antibodies in the blood stream. Animal no. 7 had circulating virus on the 
seventh day of the experiment and became immune. On the other hand, no. 8 
ch'culated virus early, but w^hen bled on the 30th day of the experiment w^as found 
to be without humoral inamunity. Animal no. 9 reacted in the same way. It 



44 


H. W’. IiAEMMERT, . JR. 


would seem that inoculation of small amounts of virus in this species produces 
only a short-lived immunity. 

In the light of these experiments Maimosa incana should be considered par- 
tially susceptible to the yellow fever %drus strains employed. 

TABLE 8 


Susceptibility of Marmosa incana to the J.Z. strain of yellow fever virus 


AKIMAL 

KUMBEH 

lds 9 or VIRUS 

INOCULATED 

CIRCULATING \TRUS IN FOLLOWING DAYS 

IMIIUNITY 

RESPONSE 

1 

2 

3 

a 

s 

6 

D 

9 

11 

13 

1 

5 

X 

10' 

0/6 

2/6 

5/6 

6/6 

6/6 

0/5 

0/6 




-1- 

2 

5 

X 

10' 

0/6 

2JQ 




0/6 

0/6 




4- 

3 

5 

X 

10' 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 




— 

4 

5 

X 

10* 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 




Died 

5 

5 

X 

10- 

0/6 

0/6 

0/5 

0/6 

0/6 

0/6 

0/6 




— 

6 

8 

X 

10* 

0/4 

0/6 

0/5 


0/6 


0/6 

0/6 

0/6 

0/5 

— 

7 

8 

X 

10’ 


0/6 

0/6 


0/6 


6/6 

0/5 

0/6 

0/5 

-f 

8 

8 

X 

10’ 

0/5 

3/5 

6/6 


0/6 


0/6 

0/5 

0/5 

0/6 

— 

9 

8 

X 

10* 

0/5 

mm 





0/6 

0/6 

0/3 

0/6 

— 

10 

8 

X 

10' 

0/6 


0/6 


0/6 


0/6 

0/6 

0/4 

0/6 

— 


DISCUSSION 

These ex^ieriments have partially confirmed and extended the observations of 
Bugher ct al. on marsupials. These authors tested the susceptibility of Didelphis 
marsupialis, D. paraguaycnsis, Mctachirops opossum, {— Philander opossum), 
Mctachrus midicaiidatus, Caluromys laniger, and Marmosa sp. As a result of the 
observations on these animal species the authors concluded that all of the species 
of Marsupialia tested were susceptible to the virus of yellow fever, in that, follow- 
ing small doses of virus administered subcutaneously, at least a portion of the 
animals of each species exliibited a rapid multiphcation of the virus and the 
formation of specific antibodies. These authors suggested that marsupials might 
be of importance in the epidemiology of jungle yellow fever. 

In the light of our experiments we conclude that Didelphis marsupialis, D. 
paraguayensis, and Mctachirops opossum are resistant to the virus strains used. 
Only a few individuals of the above-mentioned species circulated %drus, and in 
general the immunity response was poor. Newborn opossums behaved in a 
similar way — few circulated ^'irus and only a small percentage developed a hu- 
mor.al immunity after injection. This is significant since, owing to the embryo- 
like state in which these animals are born, .they should, theoretically, be more 
susceptible than adult animals. South American opossums are aplacental 
animats, and it is unlikely that the pouch-young animals can acquire passive im- 
munity through the milk of the adult. 

In general our results are similar to those presented by Bugher ct al. and by 
Batc.s. In their experiments only a small percentage of individuals circulated 
virus and developed neutralizing antibodies. The first mentioned authors, how- 
ever, came to the conclusion that these three species were susceptible to yellow 
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fever. Bates, on the contrar3', concluded that Metachirops opossum was resist- 
ant to infection mth the strains of yellow fever virus tested. 

Metachirus nudicaudaius is susceptible to yellow fever virus, and our experi- 
ments are in accord with those presented by Bughar et at, and by Bates. 

Caluromys philander, Mannosa incana, and M. cinerea should also be considered 
as susceptible animals. The reaction of C. philander to the different strains of 
yellow fever ^drus is of special interest. It is susceptible to the O.C. and Asibi 
strains, but seems not to be susceptible to the J.Z. strain. When these animals 
that had been resistant to the J.Z. strain were reinoculated subsequently vith 
either the O.C. or the Asibi strain, they proved to be susceptible, circulating virus 
promptly and later developing neutralizing antibodies. M. cinerea also circu- 
lates virus when inoculated with the O.C. strain but not when inoculated with 
the J.Z. strain. 

This is of interest since it indicates that certain animal species may be com- 
pletely indifferent to the inoculation of one given strain of yellow fever wus, but 
may be fully susceptible to another strain w^hich is immunologically indistin- 
guishable. 

It seems, therefore, that the J.Z. strain reacts peculiarly in certain species of 
Marsupialia. On the other hand, the O.C. and the Asibi strain infect certain 
species of Marsupialia, such as M, nudicaudaius, M. incana, and M. cinerea. 
In view of this it is suggested that there may be still other yellow fever wrus 
strains to which certain species of Marsupialia are more susceptible. 

SUMMARY 

1. Three hundred and thirty-five South American opossums, belonging to 
seven different species, were tested against several strains of yellow fever virus. 

2. Didelphis marsupialis, Didelphis paraguayensis, and Meiachirops opossxm 
were found to be resistant to all of the virus strains used; very few opossums cir- 
culated virus, and, in general, the immunity response was poor. In addition, 
M. opossum was found to be resistant to intracerebral inoculation of French 
neurotropic virus. 

3. Meiachirus nudicaudaius and Marmosa incana were found to be susceptible 
to the virus strains employed. A great majority of the inoculated animals circu- 
lated virus, and nearly aU of these developed a humoral immunity. However, 
M. nudicaudaius did not show any symptoms of encephalitis wden inoculated 
intracerebrally with French neurotropic virus. 

4. Marmosa cinerea and Caluromys philander were found to be partiallj'’ sus- 
ceptible to the virus strains used. Both species w'^ere resistant to the inoculation 
of the J.Z. virus strain but were found to be fully susceptible to the O.C. wrus 
strain. C. philander, wiiich failed to show circulating \drus after injection of t e 
J.Z. virus strain, promptly circulated virus w'hen reinoculated with either t e 

O.C. or the Asibi strain of virus. j j-c- 

5. Not only was it found that the indiwdual species responded differen j o 
the various \irus strains employed, but also indviduals of the same species re 
acted in different ways to the strains of virus used. 
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BROMELIAD MALARIA IN TRINIDAD, BRITISH \VEST INDIES^ 

WILBUR G. DOWNS and COLIN S. PITTENDRIGH 
Malaria Laboratary, Trinidad, British Indies 

INTRODUCTION 

The possibility that bromehad-breeding anophelines of the subgenus Kerieszia 
might be im’-olved in malaria transmission has been considered both in Brazil 
and in Trinidad since the beginning of the century, and much controversy has 
surrounded the subject. The importance in Trinidad of the bromeliad-breeder. 
Anopheles (Kcrtcszid) bellaior D. & K., had been urged by both Urich (vide 
Boyce (1)) and de Verteuil (2) on several occasions before it was finally estab- 
lished in 1942 by Rozeboom and Laird (3), and Dovms, Gillette, and Shannon (4). 

In the present paper an account is given of the history of investigations and 
discussion on bromeliad malaria, along with a consideration of its ecological 
basis in Trinidad and the new control problems that arise. 

The term “bromeliad malaria” has been selected to cover those cases where the 
vector is bromelicolous, since it serves to emphasize the imity these cases have 
in the uniqueness of the control problems that are presented. 

HISTORY OF INVESTIGATIONS ON BROJEBUAD SIAEARIA. 

In 1903 Lutz published his paper “Waldmosquitos imd Waldmalaria” (5), 
in which he described the epidemiological conditions that obtained during an 
outbreak of malaiia among laborers working on the construction of a railroad in 
the mountain forests of Sao Paulo. Lutz found that ground-breeding anophe- 
ILnes were virtually absent, but that Anopheles luizi Theobald (= cmzi D. & K.) 
was common; and he was forced to the conclusion that this bromeliad-breeding 
species was the vector. This conclusion rested pui’ely on the epidemiological 
facts. Two years later, however, Galli Valerio (6) published a brief note illus- 
trating an oocyst-infected mosquito stomach which was taken from a much 
damaged specimen collected in Paranagua, Brazil, and identified by himself as 
Anopheles luizi Theobald. 

Some years later I&iab (7) criticized Lutz’s conclusions and suggested that the 
epidemic of forest malaria w'hich he had studied "was a general recrudescence of 
latent infection due to the overexertion of the laborers involved. Knab did not 
believe that a forest anopheline was capable of transmitting human malaria, as 
it would, he suggested, bite man far too infrequently. He regarded Anopheles 
luizi as only incidentally present in the area studied, and pointed out further (8) 
that Galli Valerio’s note on natural infection in hdzi offered no serious obstacle 

* The studies and observations on which this paper is based were conducted with the sup- 
port and under the auspices of the Medical Services of the Crowm Colony of Trinidad and 
Tobago, British West Indies, and the International Health Division of The Rockefeller 
Foundation. 
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to this ^^cw•, ns it wns highly improbable that a non-export could give a final 
indentification to a much damaged specimen from a difficult taxonomic group, 
Knab’s anthority was sufficient to end the discussion at that time, and for 
manj' years little or no attention was given to the idea that Kcrlcazia species 
might be malaria vectors. Further, the only two important ])apcrs on the sub- 
ject that followed before 1937 lent no support to the possibility that bromeli- 
colous anophclincs were involved in malaria transmission. Thus, Nelson Davis 
(9) concluded that although Anopheles (Kerteszia) hellalor was present, it wjis not 
the vector in an outbreak of mountain malaria which he investigated in Sao 
Paulo. Darling (vide Hackett (10)) dismissed the possibility that Anopheles 
(Kcrlcszia) ncivai H, 13. & K might be important in Panama, and saved consider- 
able waste by stopping an exTiensive bromeliad control project that had been 
contemplated without adequate prcliminarj' investigation. 

The likelihood that A. hellalor was a vector in Trinidad had been considered 
very early in the century by a local entomologist, F. W. TJrich, whoso ^iews arc 
referred to by Sir Rupert Boyce (1). Urich himself did not publish his ideas, 
although they w’cre fully discussed with his associates, one of whom, do Vertcuil, 
later produced a very thorough epidemiological argument in their favor. It is 
possible that Urich was influenced by the criticisms of Knab; in his 1913 list of 
Trinidadian mosquitoes (11), whore biological and economic notes arc given, he 
alludes to Anopheles iarsimacnlatus ( = aqnasalis Curry) os a vector but makes no 
comment on A. hellalor. 

In tw'O later publications from Trinidad, Lassallc (12) and dc Verteuil (13) 
also attached no importance to hellalor, but in 1935 de Vertcuil rc\’iscd his posi- 
tion follomng a detailed survey of the cacao-growing areas of Cumuto, Talparo, 
and Tamana. In his report to the Surgeon Genernl for that year (2) he notes 
that the only common ground-breeding anopheline was A. osivaldoi — “a non- 
malaria carrier and non-househaunter; whilst towards evening, between 4 and 
8 p.m., large numbers of A. hellalor adults Avere found to be SAvarming in every 
house and Adllage in the district AvhencA’^er they happened to adjoin a cocoa 
estate.” He inferred “that the liigh malaria incidence and mortality of these 
districts w^as due to Anopheles hellalor — Dc ^^erteuil’s epidemiological infer- 
ence was fully confirmed by Rozeboom and Laird in 1942 (3). In collections of 
hellalor taken from the same area that de Verteuil had studied (Cumuto) these 
authors found three naturally infected specimens out of the 725 they examined: 
two AAdtli oocyst-infected stomachs and one AAith sporozoite infected salivary 
gland. DoAvns, Gillette, and Shannon (4) shortly afteiavards published the re- 
sults of a malaria survey of the island. They, too, found conclustye eAddence of 
beltator’s vector status, reporting several experimental and natural infections. 

By 1941 the question of bromeliad malaria had been reopened in Brazil, and 
Fonseca and Correa (14) obtained experimental infection of the species Lutz had 
ori^nally suspected, A. cnizi D. & K. Later, Correa (15) inA’^estigated a malaria 
outbreak among the personnel constructing the Santos-Sao Paulo Road in the 
Serra do Mar forests of Sao Paulo. He found that eruzi Avas the only adult pres- 
ent, and four specimens out of the 75 that he dissected Avere naturally infected. 
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three ha%'ing oocyst infections and one a sporozoite infection. There is now good 
evidence that in the states of Sao Paulo and Parana the problem of bromeliad 
malaria is a real and extensive one. 

THE ECOLOGICAL BASIS OF BROMELIAD MALARIA IN TRINIDAD 

Knab’s discussion of 1912 in which he criticizes Lutz’s views is of importance 
because it states clearly the significant ifacfB that are associated with the trans- 
mission of insect-borne disease. He points out that “it is not sufficient that oc- 
casional specimens bite man, as is the case nith forest mosquitoes. Although a 
person may be bitten by large numbers of such mosquitoes the chances that any 
of these mosquitoes survive to develop the parasite in question and then find op- 
portunities to bite and infect another person, are altogether too remote.” His 
position here is clearl}'" that which was formulated so succinctly at a later date by 
Hackett (10), who maintained that the essential feature of anj’’ vector was that it 
would “bite man and bite him repeatedly.” 

Knab’s implicit assumption was that a “forest” mosquito would never have 
this chance. However, it is clear from the two essential epidemiological features 
of bromeliad malaria in Trinidad that this is by no means necessarily so. In the 
first place it is seen that all forest mosquitoes are not equally restricted to forest 
cover: some may leave it more or less regularly. Secondly, man may create, and 
inhabit, artificial forests of tree crops which are highly attractive to some forest 
mosquitoes. 

T/i^ Ecology of A. bellator^ 

Forest mosquitoes cannot be grouped as a ^gle ecological categoi}’; different 
species may be orientated within a limited range on the climatic gradient that is 
presented by the vertical transition from high humidity and shade near the forest 
floor to the relative dryness, light, and wind of the canopy (Bates (16); this paper 
gives further reference). Thus it is apparent from the ecological studies of 
Pittendrigh (17) that A. hellaior has well-defined limits within the range of micro- 
climates offered by natural forests. Again, it has been shown in the case of 
Haemagogus capricomii (16) that this species occurs in the higher, less humid 
levels of forests and also on the ground at the edge of forest clearings. These 
facts apply also to Anopheles bellaior. The daj'time distribution of hellaior 
within the seasonal forests^ of Tamana (Trinidad) is showm in fig. 1. It is far 
more abundant in the immediate subcanopy region than it is on the ground, but 
is equally abundant in open spaces in the West w'here conditions at ground level 
simulate those of the canopjL Although a mosquito of the forest in one .^em^c. 
it may leave this environment and pass at lower levels through second growth and 
more open vegetation to nearby villages. On the other hand a closcl.v rehated 
species, Anopheles {Kerieszia) homimcuhis Ivomp, has widely different ccolo^ca 
characteristics: throughout the day this species occurs in maximum num >crs 

* Ftffc (17) for a fuller discussion and experimental detail. ^ 

’ Vide Beard, J. S. “Climax Vegetation in Tropic.al .Vmcric.a,” Vcology, vo5. .o, no. 
1944, for a classific.ation of American forest tj^pes. 
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near ground level Avithin the forests where conditions are liighly humid and 
shaded (fig. 1) ; in contrast to hcUaior, it leaves the forest and enters open vege- 
tation to a far less extent. It is much more nearly the “forest” mosquito that 



riosQuaoES per man-houe 

Fig. 1. The Vbrtica.Ii Distribution of Anopheles bellator and Anopheles 
HOMUNCULUS IN THE SEASONAL FOBESTS OF TaMANA, TrINIDAD, B.W.I. 

Khab envisaged, and although it probably is responsible for some transmission 
in the very humid parts of the island it is by no means as important a vector as 
A. bellator. 

Tlie Cacao Industry 

The other factor of importance in producing bromeliad malaria in Trinidad is 
the cacao industry. Throughout great sections of the center of the island, forest 
has been replaced by plantations of Theobroma cacao (cocoa) . In the Trinidadian 
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estates the cacao tree itself is protected by tall, regularly mterplanted shade 
trees, the iDamortelles (Erythrina gUuca and E. micropferyx), and the plantations 
as a whole constitute an extensive artificial forest. 

The first and most important feature of this situation is that, unlike any nat- 
ui'al forest, the belfaior-inhabited cacao forest supports a large human population 
whose livelihood is based on their daily labor within or near it. The industry 
is, in fact, primarily responsible for the contact between man and the forest 
mosquito. 

Several special features of the cacao industry are of interest. The very vide 
planting of the immortelle trees, twenty-five feet bj'- twenty-five, and their 
deciduous habit in the dry season produce an internal climate that differs radi- 
cally from adjacent natural forests. It is both lighter and drier. The humidit}'’ 
at ground level is often lower than it is in the immediate subcanopy of the forest. 

TABLE 1 


The thirty-four species of bromeliads found on the immortelle shade trees of Trinidad 

cacao estates 


CENTRA 

SPrCIEB 

Tillandeia 

utriculatay flexuosa, faseiculata^ bulbosa, sumbrioata, ruhra, 
complanata, stricta, Gardner!, monadelpha, anceps, usncoides 
simplex, albifiora, procera, macrostachya, platyncma, amazonica 
Ungulate, sanguinea, monostachia 
capiiuligerum, Splilgerberi 

Berteroniana, floribunda, sessiliflora 
stellate 

Vriesia 

Guzmania 

Thecophyllum 

Catopsis 

Hohenbergia 

Wittmackia 

Ungulate 

aquilega 

Mertensii, porteoides, dichlamydea (var. triniiensis), nudicaulis 

Gravisia 

Aecbmea j 



All bromeliad species in which Anopheles (Kerteszia) larvae have ever been found arc 
in italics. The italicized species are not equally important (vide table 3). 


Consequently the hellaior population, although much smaller than that of the 
forest, occurs at lower levels; and this is clearly of epidemiological significance. 

The Bromeliad Flora of Immortelle Trees 

A further important consequence of the internal climate and structure of 
cacao estates is the flora of sun-epiphytes which develops vithin it. This flora 
occui’s pi'edominantly on the immortelle trees and comprises at least eight fami- 
lies of flowering plants of which the Bromeliaceae are bj’’ far the most conspicuous. 
We have observed on immortelles 34 out of the 60 Trimdadian species; the} arc 
listed in table 1. One half of these are common, about ten are abundant, and 
five may be described as universal, being present on almost ever}' tree. The 
density and regularity of the immortelle community of epiphytes cm scarce!} be 
overemphasized. With the exception of very young replacements it can be said 
that every tree supports a bromeliad flora, and the number of indiridual plants 
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on most trees is astonishing. Table 2 lists counts of the bromeliads on five sepa- 
rate profiles from distinct estates in the Tamana region. For these 50 trees, the 
average number of bromehads per tree was 66. 

The immortelle community of bromeliads is fairly constant throughout the 
island. There are changes in the composition of the community in the climatic 
extremes, and differences in the relative frequency of the co mm on species in 
different areas. However, the following five bromeliads are found in abundance 
on nearly all cacao estates : Aechmea nudicaulis, Gravisia aquilega, V riesia procera, 

■ . ' TABLE 2 


The. bromelidd flora on the immortelle shade trees of cacao estates 
Sample enumeration strips from five different Tamana estates 


BKOUELIAD SPECIES . 

STRIP ml 
NINE 
TREES 

STRIP m2 
EtEVEN 
TREES 

STRIP ms 
TEN 
TREES 

STRIP S4 
TEN 
TREES 

STRIP ms 
TEN 
TREES 

TOTAL 

roR 

PIPTV 

TREES 

AVERAGE 
NXmBER 
PER TREE 

Aechmea nudicaulis J.V. . 

lOS 

ISI 

172 

132 

155 

710 

14.2 

Gravisia aquilega 

. 119 


128 

109 

191 

699 

14.0 

Vriesia procera 

121 

Ki 

121 

214 

99 

662 

13.2 

Guzmania monostachia 

87 

91 

157 

58 

211 

604 

12.1 

Tillandsia fasciculata ,. . . 

31 ■ 

90 

24 

46 

39 

230 

4.6 

Wittmackia lingulata 

0 

0 

0 

0 

160 

160 

3.2 

Catopsis sessili flora 

39 


3 

• ® 1 

10 

62 

1.2 

Vriesia amazonica 

9 

26 - 

1 

2 

IS 

56 

1.1 

Catopsis floribunda 

2 

4 

• 4 - 

24 

1 

35 

0.7 

Guzmania sanguinea 

0 

0 

0 

26 

0 

26 

0.5 

Guzmania lingulata 

0 

0 

0 

0 

25 

25 

0.5 

Vriesia macrostachya 

1 

0 

13 

10 

0 

24 

0.5 

Tillandsia anceps 

0 

0 

5 

12 

0 

17 

0.3 

Tillandsia bulbosa 

0 

0 

8 

4 

0 

12 

0.2 

Vriesia platynema 

0 

i 0 

11 

0 

0 

11 

0.2 

Hohenbergia stellata 

5 

2 

2 

0 

0 

9 

0.2 

Thecophyllum Splitgerberi 

0 

i 0 

1 

1 

0 


0.04 

Catopsis Berteroniana 

0 

0 

0 

2 

0 

mm 

0.04 

Pnesia albiflora 

0 

I 0 

0 

1 

0 

B 

0.02 

Total: all species 

622 

625 

650 

641 
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Guzmania monostachia, and Tillandsia fascicidata. The cacao areas illustrated 
in fig. 2 are in many cases almost uninterrupted forest. The munber of immor- 
telles to the acre varies from 11 in abandoned areas to 64. Bearing in mind the 
data of table 2, which shows the density on individual trees, some impression can 
be gained of the great size and density of bromeliad populations — and therefore 
anopheline breeding grormds — ^in the cacao area. Cladimiro Picado’s descrip- 
tion of epiph 3 'tic bromeliad floras as “les mares aeriennes” seems very apposite 
in this context (18). 

The extent of bellator breeding in this bromeliad flora is limited in tw'O w^aj’^s. 
In the first place, it is restricted to certain species of bromeliads and, secondly, it 
does not occur in the drier parts of the island. 
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The Incidence of Breeding in Different Broimhads 

Both from direct observation of the incidence of lar\-ae in different species in 
the field and from the results of experiments in which comparable samples of 
different bromehads were offered for oviposition in the same “breeding-plot,” it 
is clear that the many different immortelle bromeliads are by no means equally 
important as host plants of A. hcUator. There is e\’idence of a host plant selec- 
tion on the part of the anophelines which is of practical value. 



Fig. 2. The Cac.\o Areas of Trixidad, B.W.I. 

The shaded areas are under cacao cultivation. Intensity of shading indicates den.sity ol 

rainfall in the area concerned 


For example, the two commonest large bromeliads on the immortelles of 
Trinidadian cacao estates are Aechmea nndiemdis and Gravisia agmlcga. Gransia 
aguilega (fig. 3) is bj’’ far the most important plant in tlie complex of bednior 
breeding in Trinidad. It is rare to find a plant of this species on cacao estates 
that does not have heUator larvae in it. On the other hand it is equally rare to 
find bellator in Aechmea midicaidis. These two plants occur side by side even on 
the same limb of the tree, and the important difference between them alua 3 .‘' 
holds. Together the}’’ form nearl}’ one-half of the total immortelle communil} 
of bromeliads. Again, bellator is rare in many of the otlicr common bromeliads 
of the cacao estates, such as Tillandsia fasciculata. 

Table 3 illustrates the relative importance of the common bi'omeliads. i he 
frequenc 3 " of the plants is based on the five profile enumerations gi\ en in tal>le 2, 
the frequencj’ of bellator larvae is based on the results of an experiment.ii bre C( ing 
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Fig. 3. Gk.wisia aquilega (Salisb.) Mez. 

(a) (Upper) growing on an immortelle shade tree {ErtjOnina microptcryx) in a cacao 
estate, Penal, Trinidad, B.W.I. 

(b) (Lower) Heavy infestation of a roadside tree. 
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plot in which equal samples of the species were offered for oviposition. The figure 
obtained by multiplying these two frequencies is used here simply as a more 
valuable indication of the practical significance of different bromeliads than is 
either of the frequencies considered separately. 

Pittendrigh (17) considers two groups of factors in discussing the relative im- 
portance of different bromeliad species as host plants of the anophelines. Firstly, 
there are important simple physical differences between bromeliads. Some 
species hold little or no water at all, and others hold only small amounts imme- 
diately after rain. Clearlj’’ such bromeliads play no part in bromeliad-anopheline 
breeding. Among true “tank” species of bromeliads which regularly hold water, 
it is shown that there is a general relation between the plant’s water holding 
capacity and the extent of its use by the mosquitoes. Finally, under this head- 

TABLE 3 


The relative importance of ten common bromeliads as host plants of Anopheles bellator 


BROKELIAD SPECIES 

BRO&CEtlAD 

PEEQUENCY 

PEE TBEE* 

A. BELLATOR 

larvae per 
PLAKT t 

A. BELLATOR 
LARVAE PER SPECIES 
PER TREE 

Aechmea nudicaulis 

14.2 

0.02 

0.3 

Gravisia aquilega 

14.0 j 

1.8 

25.2 

Vriesia procera 

13,2 

0.2 

2.6 

Guzmania monostachia 

12.1 

0.04 

0.5 

Tillandsia fasciculata 

4.6 

0.0 

0.0 

Wittmackia lingulaia 

3.2 

1.1 

3.5 

Catopsis sessilifiora 

1.2 

0.0 

0.0 

Vriesia amazonica 

1.1 

4.8 

5.3 

Catopsis floribunda 

0.7 

0.0 

0.0 

Hohenhergia stellata 

0.2 

1.3 

0.3 


* Vide table 2. 

t These figures were obtained from an experimental breeding plot on the ground in which 
equal samples of all ten plants were offered for oviposition {vide (18) for detail). 


ing it is noted that the relative inaccessibility of the water surface probably plays 
a major part in rendering xmimportant such species as Aechmea nudicauUs, which 
has a high, narrow, tubular rosette of leaves that are stiffly erect above the inter- 
foliar water. 

Secondly, there are piuely ecological factors involved. It is suggested that the 
ecological divergence of A . bellator and A. homunculus into different ranges on the 
vertical gradient of climate within the forest brings the two mosquitoes into con- 
tact uith substantiallj'’ different bromeliad floras, since these are also stratified 
(17). This has two consequences. Evidently the fine distribution of the 
anophelines in nature may not coincide with that of some plant species that 
would otherwise constitute most acceptable breeding grounds, as is seen from the 
results of breeding experiments when they are artificially offered for oriposition. 
A further consequence is apparently the (ecobiotic) fact that in sucli breeding 
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expenment.s Anopheles homwicuhts, from llie lower furest levels, is more willing 
than is *4. hcllalor to utilise the small plants with a j)()()r water ronteiit. that pie- 
tiominate in lower forest strata. 

The Geographic Dislribuh’on of A. bellator in Trinidad 

Although heUaior occuns in the tirier .sections of the microrlimalic gradient of 
the wet forest-s in the center of the island, there is neverflieless a limit, to its tolera- 
tion of low humidity. Pittendrigh (17) show.s that the density of bellator falls 
otT at elevations higher than the optimum which Is in thesubeanopy, and that the 
mosquito move.s down the profile on drier day.s and in general in the dry season. 



Fio. 4. SrtiEEN' Rates in the Cacao Ahea 
Note the correlation of Jiigh rates with high rainfall 

He correlates with this the geographic distribution of the mosquito in the island. 
Dotvns, Gillette, and Shannon (4) have alrcadj' noted that the distribution of high 
spleen rates in the bromeliad malaria zone is correlated with high rainfall. 

Fig. 4 show^s the distribution of spleen rates in all schools in the cacao-growing 
areas. The schools represented include all those wiiere the malaria concerned is 
bellator transmitted: there are no localities with bellator malaria that are not in 
the cacao area. 

It is seen from the map that the heavy I'ates are all restricted to one well- 
marked zone with a rainfall of 90-1 10 inches around the town of Sangre Grande in 
the northcentral part of the island. The only vector present is A. bellator. 
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IN'Iost of the remaining schools in the cacao area have much lover spleen rates, 
especially toward the South and West associated vith the Siparia and Princes 
Town zones of cacao (fig. 2). 

The bromeliad floras on the cacao estates here (Princes Town and Siparia) are 
almost as heavy as in the Northeast, near Sangre Grande. Relatively more of 
the smaller xerophytic bromeliads are present than in the Sangre Grande cacao, 
but the difference is not great. However, hellator is absent or extremely rare. 
The rainfall in this area is low and there can be no doubt that the density of 
bcUaior populations is correlated with tliis factor. What httle malaria there is 
in the Princes Town and Siparia cacao zones is due to the di'}’- season immigra- 
tions of Anopheles aqiiasaHs upstream from the coastal areas. 

Table 4 illustrates the change in the density of hellaior populations mo\nng 
from the zone of heavy precipitation in the Northeast (Cumuto) thi-ough the 
intermediate stations Muendo Nuevo and Busy Corner to the zone of low pre- 
cipitation in the Southwest (Siparia). 


TABLE 4 

The relation hehveen rainfall and the density of Anopheles hellator 


MARCH, 1942 

PLANTS EXAMINED FROM IMMORTELLE TREES ON CACAO ESTATES 

Grarisia aquilega 

tVilUnackia lingulala 

Name of locality 

Rainfall 

zone 

Number of 
plants 

Total 
larvae of 
bellalor 

bellalor 
larvae per 
plant 

Number of 
plants 

Total 
larvae of 
bellalor 

bellalor 
larvae per 
plant 

Cumuto 

91-100" 

33 

112 

3.3 

28 

19 

o.r 

Mundo Ruevo 

81-90" 

20 

30 

1.5 

18 

8 

04 

Busj’ Corner 

71-80" 

19 

6 

0.3 

15 

1 

0.06 

Siparia 

61-70" 

43 

0 

1 0.0 

44 

i 0 

1 0.0 


A small area around La Brea and Point Fortin in the southwest peninsula pro- 
vides a fui'ther illustration of the point. From fig. 2 it can be seen that the rain- 
fall in this small area is considerably higher than that of all the surrounding 
Siparia zone where hellator is absent. In this “oasis” of higher precipitation in 
the La Brea area, hellator reappeai-s and the spleen rates are correspondingly 
liigher. 


THE CONTROL OF BROMELIAD MALARIA 

Note on the Behavior of A. hellator 

The beharior of Anopheles hellaior precludes any attempt to control it by anti- 
adult measures, such as spraj'- killing, which have recent!}^ been advocated for 
certain domestic species. Although it does on occasion enter dwellings to feed — 
and often in numbers — ^it never stays indoors, but leaves for forest cover imme- 
diately after feeding. De Verteuil (2) has alreadj" noted this and remarks that 
“it is quite exceptional to find them on the walls or on the mosquito nets . . . .” 
We have never observed hellaior resting on house walls at anj’- time. It has been 
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seen on stable walls after feeding, but even hei’c its rest is not long, and within 
an hour after the peak of the main evening flight there arc none left. Again, 
although bcUalor has a well-marked evening flight, it is active throughout the 
day, especially in forests and cacao plantations. 

The greater part of transmission must take place either in the cacao field, 
where laborers are freelj’’ attacked on damp days (fig. 5 ), or on the veranda of 
houses at e^"ening, where it is the custom of countiy people in Trinidad to gather 
and cook the evening meal. The flight actually inside bedrooms is almost 



Fig. 5. Laborers Sitting Down to Work in a Cvcvo Estate 
On damp daj^s thej’’ are heavily bitten by Anopheles bellalor and Anopheles homunculus 


TABLE 5 

House captuies of anopheles bellator and anopheles homunculus made luilh human 
hart simultaneously outside, on the rcianda, and rnside the bedroom 


24 NIGHTS BETWEEN JAN 30 AND 
MAR 31, 1945 

ANOPHELES BELLVTOE i 

1 

ANOPHELES HOMUNCULUS 

Outside 

j Veranda 

Bedroom 

Total 

Outside 

Veranda 

Bedroom 

Total 

Total 

229 

140 

2 

1 

371 

44 

15 

1 

60 

Average per night: 6-7.30 
p m. 

9.5 

5 S 

i 

o.os 

15 4 

1 s 

06 

0 04 

2 5 


negligible, but the flight on the veranda is regular and heavy (table 5 ). The 
onlj’- possible approach to controlling bellator malaria is apparent the prodigious 
task of controlUng the anophelines breeding grounds, the epiph5flic bromeliad 
flora of cacao estates. 


The Manual Removal of Bromeliads 

The most obvious approach to the problem of destro3dng bromeliad popula- 
tions is to remove the plants by hand, and tliis method has been emplo3’-ed in 
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Trinidad in a few special instances connected nath the war emergency. It has, 
however, never been possible to adopt the method as a regular measure to meet 
the real problem, which is that confronting the agricultural community in the 
thinlj’- populated cacao areas of the island. The principal objection to hand 
removal of bromeliads as a control technique is its extremelj’’ high cost, which is 
an ine^'itable consequence of the sheer immensity of bromeliad populations on 
immortelles. The present rate of pa}"- demanded by those laborers who are 
mlling to climb the immortelles varies from BWI $1.50 to BWI $2.00 per tree. 
The number of trees to the acre varies from 11 to 64, so that the costs per acre 
can be cited as from $16.50 to $96.00 ($1.50 per tree), or $22.00 to $128.00 
($2.00 per tree). 

In most cases the local communities in the cacao areas are not aggregated into 
well-defined villages. The population as a whole is scattered, and no house is 
far from the great stretches of cacao “forest.” Indeed most of the dwellings of 
the laborers and small holders are situated well vdthin the estate itself. This 
necessitates the clearing of large areas to protect relatively few people; and with 
the cost of control as high as that cited above, the work cannot be imdertaken. 

This cost can, however, be very substantially reduced by the adoption of a 
“species control” policy based on the fact that the larval population of bellator 
is restricted to certain bromeliad species. In Trinidad such a policy would be 
best carried out by remo\dng only Gravisia aquilega and the two less common 
species resembling it, Wiiimackia lingnlata and Hohenbergia siellaia. It would 
involve leaving the very common species, Aechmea irmdicaulis, and the many 
TUlandsia and Guzmania species. 

Even vith costs adequately lowered by such a “species control” policy, it is 
still doubtful whether removal of bromeliads by hand could ever be adopted as a 
regular control technique, for several additional difficulties attach to the use 6f 
this method in the particular circumstances obtaining in Trinidad. 

The immortelle trees which account for almost the entire problem are singu- 
larly difficult and dangerous to ch'mb. The difficulty in climbing is due in the 
first place to large thorns (pi quants) with which the tree is covered. These 
thorns always cause bad scratches and even open lacerations among men working 
on the trees for any length of time. Moreover, the task is made more objection- 
able by the scorpions, spiders, and snakes that are harbored by the luxuriant 
grovdh of miscellaneous epiphytes. Among field assistants employed in routine 
investigational work on bromeliads, scorpion and spider bites are common, and 
serious encoimters with snakes have occurred several times. The snakes usuallj' 
present among the epiphjdes on immortelles are not venemous species, but under 
the shock of the encounter most men will become panic stricken and jump from 
the tree. 

A more common and equally serious danger involved in climbing the immor- 
telle is the tendency of the limbs of this tree to break off easily. The wood is 
extremely brittle and the limbs are long, tenuous, and often diseased without 
this being apparent from the outside. In the course of one bromeliad-removal 
program w^hich lasted a month, three serious injuries, including one fatality, 
occurred among the laborers employed. 
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Lastly, consideration lias to be given to the fact that climbing is almost im- 
possible when the tree is wet, oving to the insecurity of the climber’s grip and 
especially to the increased chance of branches brealdng when they are further 
burdened ivith the immense weight of water held by the bromeliads after rain. 
Tliis apparently simple point becomes of real significance when it is realized that 
the great bulk of control work is required in the very wet parts of the island 
where it may rain, at least part of the day, for days and often weeks on end. 
Under these circumstances not onlj’- the continuity of the work but the main- 
tenance of trained crews becomes impossible. The maintenance of well-trained 
labor gangs would be essential for species control work on the bromeliads. 

The Spray Killing of Bro77ieliads‘^ 

In looldng for an alternative method of destroying extensive bellator breeding 
grounds, an attempt has been made to develop a technique of spray Idlling the 
bromeliads. The principal attraction of any possible sprajdng method is that 
it will ob"viate the main objections to removal of bromeliads bj”" hand, viz., the 
danger to operators, the high expense due to the slowness of the process, the in- 
evitable discontinuity of work, and the consequent inability to offer regular em- 
plo 3 rment for trained personnel. 

There is, however, one considerable problem connected Avith the development 
of a spray Idlling method: this is the necessity for a strict selective action on the 
part of the herbicide to be used in destroying the bromehads. Any herbicidal 
spray that is used for this purpose on cacao estates wU cover the commercially 
valuable cacao trees and their immortelle shade and therefore must be innocuous 
to them. Herbicides such as sodium arsenite could therefore not be used. 

The possibility of developing a selective bromelicidal spray arises from the re- 
markable physiological properties of bfomeliad leaves, which are capable of ab- 
sorbing not only water but organic acids and mineral salts. Epiphytic brome- 
hads, barred from access to the soil, are dependant for their water and nutrient 
supply upon the tank of the interfohar water and its content of organic detritus. 
The root system of these plants is almost entirely mechanical in its function, 
serving to attach the plant to the tree. The intake of water from the tank is 
carried out by the leaves, which are equipped vith a system of very elaborate 
epidermal absorptive organs, or “trichompompe,” as Mez (20) has called them. 
The ordinary plant leaf has, of comse, no such Regular function; its cuticularised 
epidermis is practically impermeable to water and salts. 

This difference between bromehad leaves on the one hand, and ordinary leaves 
such as cacao and immortelle on the other, has made it possible to use several 
chemical sprays as efficient selective bromelicides in cacao estates. Of these 
sprays copper sulphate has so far given the best results. 

Eig. 6 shows a limb of an immortelle tree supporting five plants of Gravisia 
aquilega killed ndth a spray of 2 per cent copper sulphate solution. The whole of 
this immortelle was covered by the spray but has not been affected by it. In 


* Vide (19) for a fuller account. 
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7 nnolhor spcoiiiK'n of Gravisia aquilnin is scon. This planl was killed vith a 
lead ai-sonato spray. 

i^ovoral cni!:incorini>: dillioullics arc oncounlcrcd in using the spra 3 dng method 
on a large scale in the field. It i.s neee.ssary to employ spraying equipment that 
will deliver the sjiray to a height of 70 or even 100 feet above ground to ensure 



Fig. C. Gh-a-Visia aquilega. Five Dead Plants on a Branch of an 

Immortelle Tree 

These plants were spraj'ed with a 2 per cent solution of copper sulphate 


that none ot the plants will be out of range of the method. Equipment capable 
of doing this is bulk}'- and A^eiy heayAq and cannot be used in the interior of cacao 
estates. 

The sprajdng equipment developed b}’’ the United States Department of Agri- 
culture for use in the control of the g 3 ’^psj’' moth (Lymaniria dispar) in the New 
England forests has been selected as that which is best adapted to the particular 
demands of cacao estate conditions and the restrictions imposed by their com- 



bii WILBUR G. DOWNS AND COLIN S. PITTENDRIGH 

mcrcial importance. The c.ssential advantage of this method is that the equip- 
ment is not taken into the estate itself. The power developed by the pumping 
unit is sufficiently great to allow it to be left outside the areas of treatment, and 
the whole unit is mounted on a truck based at a convenient roadside water sup- 
ply from which the hose linos are extended into the estates for spraj^ operations. 
Only the hose is carried into the interior of the estate, and in this way the diffi- 



Fig. 7. Gravisia aquilega on an Immortelle Tree 
This plant was killed with a dilute lead arsenate spraj"^ 

culties of terrain and the necessity to avoid mechanical damage to closely planted 
trees are overcome. 

One large control project has been carried out in Trinidad using this techirique 
and the above-mentioned equipment. In terms of cost, speed, and safety it 
proved much superior to the earlier programs in which bromeliads were removed 
b5^ hand, and it holds out good promise that the method, when fully developed, 
Mill be a satisfactory and economical procedure for the rural areas of central 
Trinidad. 
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It. is believed that it A\-ill not bo necessaiy to re-treat thoroughly sprayed areas 
for sei-eral .veare, possibly fn-e or more, in nciv of the facts that any new infesta- 
tion will have to start from seed and that the growth of the seedlings of large 
bromeliad species is, very slow. 

Changed Agricidhtral Practice 

It has already been emphasized in this paper that the focal point of the brome- 
liad malaria comple.v in Trinidad is the particular form of cacao cultivation that 
is adopted. The problem is man made. The presence of regularly inter- 
planted immortelle trees in the estates renders them forests of high light in- 
tensity and low humidity that support great hellaior breeding grounds and an 
adult population of this mosquito at loiver levels than that in the forest. It is 
therefore of great interest that the use of immortelles is far from universal in the 
many countries where the crop is cultivated. Elsewhere other trees are em- 
ployed for shade, and in more than one country* cacao is grovm with great success 
in the complete absence of “interplanted shade.” 

Tliis is the case in the Gold Coast and particularly in Grenada, B.W.I. Where 
interplantcd shade is dispensed with, the cacao tree, in nature an understory 
species, is afforded protection bj' rows of trees placed at varying distances per- 
pendicular to the prevailing wind. Were it adopted in Trinidad, this system of 
windbreaks would have a great effect upon the malaria conditions of the central 
part of the island. The immortelle can apparently not be bettered as inter- 
plantcd shade, so that there is little likelihood that a tree less disposed to develop 
bromeliad infestations could be found as a substitute. But were the system 
entirelj' dispensed with in favour of windbreaks, it wmuld be easy to select one of 
several trees such as the mango, that would have the advantage of commercial 
utility (wliich the immortelle does not have} added to the attraction that it 
would not develop the great bromeliad flora of the immortelle. 

The use of windbreaks would be of greater value in a further w^ay. They 
would not afford the conditions of continuous artificial forest afforded by inter- 
planted shade, and thus, quite apart from any consideration of the bromeliads, 
the adult bcllator population would be reduced or eliminated. 

In 1944 the Government of Trinidad and Tobago introduced a new' cocoa sub- 
sidy (totaling BWI $4,000,000), w'hich, it is hoped, will assist the industry to 
recover from the depression it has suffered in the past two decades. By means 
of this subsid 3 ’' the Department of Agriculture is, for the first time, actively en- 
couraging the adoption of windbreaks as distinct from interplanted immortelle 
shade, since the conditions of payment of the subsidy are such that a greater 
sum per acre is offered to assist those owners who replant their estates without 
using immortelles. 

It should be stressed that although it is probable that spray k il l i n g of the bro- 
meliads will prove an effectii'e technique for a direct approach to controlling; 
the present malaria situation, its value would never compare with the change ini 
agricultural practice that is contemplated here. Following the widespread adop- 
tion of windbreaks the endemic bromeliad malaria of the cacao areas could be 
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expected virtually to disappear, for such a change would constitute the removal 
of the ecological basis on which the disease rests at present. 

The most thorough spray Idlling would leave untouched the fundamental 
cause of the present endemicity of bromeliad malaria in Trinidad, namely, the 
ecological structure of existing cacao estates, the natural consequence of ivhich 
is a heavy bromeliad and bromeliad-anophehne population in immediate contact 
with a settled human community. 


SUMMARY 

Lutz (1903) first considered the possibihty that anopheline mosquitoes of the 
subgenus Kerteszia might be involved in malaria transmission. He concluded, 
on epidemiological grounds, that Anopheles luizi Theobald (= cruzi D. & K.) 
was a vector in Sao Paulo. However, Knab, stressing the connection between 
the feeding habits of insects and their importance as vectors of disease strongly 
opposed Lutz’s view, maintaining that since Anopheles hitzi was a forest mos- 
quito it would not have sufl&cient contact with man to transmit malaria. 

Independently, Urich and later de Verteuil beheved that Anopheles (Kerteszia) 
hellator D. & K. was involved in the malaria complex in Trinidad, and this was 
confirmed eventually by Rozeboom and Laird, and also by Downs, Gillette, and 
Shaimon. 

It is shown that in spite of the fact that Anopheles hellator is a forest mosquito 
it is intimately associated with man in the cacao areas of Trinidad. Two prin- 
cipal factors are adduced to account for this contact: in the first place Anopheles 
hellator inhabits the drier microclimates of the forest and is therefore able to 
leave forest as such for the drier conditions offered by cacao estates and the open 
spaces in the villages; secondly, the cacao industry has brought relatively large 
human settlements into immediate contact with the forests of cacao and im- 
mortelle trees, which support both larval and adult populations of A. hellator 
and heavy growths of water-holding bromeliads in which the anophehnes breed. 

The breeding of A. hellator is restricted to certain bromeliad species. Its 
absence in some very common species such as Aechmea nudicaulis is a fact of 
practical importance. Again, hellator does not occur all over the island where 
forests and cacao estates exist. It is restricted to areas of high rainfall. 

In discussing control problems the vTiters do not consider that the simple 
removal of plants by hand could ever be adopted as a regular control pro- 
cedure. It is too slow, expensive, and dangerous. 

It is shown that copper sulphate may be used as a selective herbicidal spray 
to destroy the bromeliad infestations ivithout damaging the commercially im- 
portant cacao trees or the immortelles. In field practice the heavy spraying 
equipment developed by the United States Department of Agriculture for the 
control of the gypsy moth is found to be highly satisfactory. This control 
method is much faster, cheaper, and safer than removal of bromeliads by hand. 

Finally it is pointed out that a change in agricultural practice, namely, the 
abandonment of interplanted immortelle shade trees and the adoption of wind- 
breaks, would remove the ecological basis of the disease, which is the microcli- 
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malic condition produced by immortello trees in easting cacao estates. Follow- 
ing such a change, which is now being encouraged by the Government of Trini- 
dad and Tobago, endemic bromeliad malaria could be expected to disappear from 
the center of the island. 
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RESULTS IN AN INFANTRY REGIMENT OF SEVERAL PLANS OF 
TREATMENT FOR -^TVAX MALARIA 

W. G. DOWNS* 

IXTRODUCTION 

The combat experience of this infantrj' regiment and its subsequent experience 
with malaria affords an excellent opportunit}*- for a statistical stud}^ of wax 
malaria in troops. These analyses of accmnulated data were possible only be- 
cause of the painstaking and prolonged planning and execution of schedules of 
therap 3 ’^ and hospitalization b^" Anuj-- and Na\y medical officers and the careful 
and patient collection of data. Grateful aclcnowledgment is therefore made to 
these officers for their efforts. The official unpublished reports of Lieutenant 
Commander Tik G. Reddick (MC), XJSNR, have been drawn on fully in outlining 
the background for these analj-ses which would have been impossible without 
these data. 

The details of the experience of tliis infantrj^ regiment while on a malarious 
island (Guadalcanal) and while undergoing an attempted “demalarialization” 
on a nonmalarious island (Samoa) are summarized in the following paragraphs. 

The First Battalion, Regimental Headquarters Companjq and special units of 
this regiment disembarked on a highly malarious South Pacific island on 4 
November 1942 and the Third Battalion on 29 November 1942. (The Second 
Battah’on has been excluded from this stud 3 ^) The First Battalion and special 
units were in this malarious area for 189 daj's and the Tlfird Battalion for 164 
daj^s, and both groups were in combat for 21 daj's. The First Battalion used 
quinine suppressive therapy during November 1942. With the arrival of the 
Third Battalion on 29 November 1942 atabrine was used as suppressive therapy, 
0.4 gm. weekl}'- (one-half tablet on week daj’^s and a full tablet on Sundaj^s). 
Suppressive therapj'- was not rigidly enforced throughout the whole regiment un- 
til March 1943, when the roster system was begun. The regiment moved from 
the malarious base late in May 1943 to a nonmalarious (tropical) island and a 
program for “demalarialization” of the regiment was begun on 24 Ma}’' 1943. 
On 26 November 1943 suppressive atabrine was reinstituted in the regiment. 

The moming sick reports while on the malarious island showed malaria in 48 
per cent of the regiment and the monthl}'' rates (laboratorj'' confirmed and clin- 
ical) of malaria during this period ranged roughlj' from 800 to 1500 per 1000 
per annum. Most of the diagnoses Avere clinical. 

For the “demalarialization” program in the nonendemic area hospital and 
laboratory facilities were obtained and different groups in the regiment Avere 
put on A’-arious trial schedules. No patients were treated in the hospital 
except on report of a positiA'’e blood smear (thick drop). Each attack was 
treated as it deAmloped. Treatment of attack was uniform except in a few 
instances where condition of the patient necessitated a change in type of treat- 
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ment. Quinine sulfate or hydrochloride (in tablet or capsule) gr. X(0.667 gm.) 
was given three times a day for three successive days, beginning concurrently 
with atabrine, gr. 1| (0.1 gm.) three times a day for seven days. At the end of 
this week of treatment the patient was discharged from hospital to quarters and 
given no treatment for two days. During the next five days plasmochin gr. ^ (0. 
01 gm.) twice daily was administered. (After October 1 plasmochin was not 
routinely given.) 

The following study is concerned with the experiences of four groups on dif- 
ferent treatment schedules and the protocol of these groups is shown in table 1. 


TABLE 1 

Protocol of treatment groups 


GHOXTPS 

TREATMEKT PEAK 

DATE HASS 
TREATMENT STARTED 

DATE MASS 
TREATMENT ENDED 

Group I 

Original strength 
393 

Stop all antimalarial therapy. Treat 
cases as they occur 

Mass treat- 
ment not 
started | 

Suppressive 
therapy 
stopped 23 
May 1943 

Group II 

Original strength 
690 

Atabrine gr. (0.1 gm.) t.i.d. for 7 
days. Best 10 days, repeat ata- 
brine, 7 days, as above 

24 May 1943 

17 June 1943 

1 

Group III 

Original strength 
456 

i 

No antimalarial therapy for 10 days. 
Then atabrine 1^ gr. (0.1 gm.) t.i.d. 
7 days. Rest 10 days, repeat ata- 
brine as above 

2 June 1943 

26 June 1943 

Group IV 

Original strength 
457 

Atabrine gr. 1^ (0.1 gm.) t.i.d. for 7 
days. Rest 2 days. Plasmochin 
i gr. (0.01 gm.) b.i.d. for 5 days. 
Rest 10 days repeat atabrine 7 
days, rest 2 days, plasmochin 5 
days, as above 

24 May 1943 

5 July 1943 


In the entire study only fifteen cases of malaria due to Plasmodium falciparum 
were noted, either singly or as part of a mixed infection. All other patients had 
vivax malaria. This study is concerned solely with malaria caused by P. vivax. 
From experience with other troops on the malarious island where infection was 
contracted, it is probable that many early cases there were caused by P. fal- 
ciparum and that P. vivax cases appeared later during the study period when 
laboratory facilities W’^ere available for species diagnosis. 

BASIC EXPERIENCE IN THE DIFFERENT GROUPS 

Figure 1 (Groups I, II, III, IF) and the charts in Appendix I present the basic 
experience in the different groups. 

Evacuations occurred in aU four groups for various causes. These evacuation 
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figures are not weighted appreciably as far as malaria is concerned, since the 
personnel of all groups were almost all malarious, whether evacuated for malaria 
or for other causes, or remaining in the original groups. Eates per 1000 per 
annum based on total strengths of groups have been computed weekly for all 
groups and shown in figure 1. From a study of these rates it is apparent that in 
Group I a much higher rate was reached early and total hospitalization was 
greater. Certain facts are not brought out clearly bj" the study of this figure, so 
further analj'ses are made to illustrate other significant points. 

Complete records of each case are on hand, giving date of each attack of 
of malaria and tjT)e of infection encountered, and by analysis of these records it 
is possible to obtain information on several points of importance. 

I. EFFECT OF ^L\SS THERiVPY ON FIRST OBSERVED ATTACKS 

Groups II and IV were selected for comparison with Group I to study this 
point. Group III is not included here for comparison, not because its overall 
experience differs markedly from the other groups but because the initial ten-day 
period nithout suppressive treatment before mass therapy was started allowed 
manj’- patients to have an attack of malaria before mass therapy started and ob- 
scures a clear-cut analysis of later experience. All indi^dduals from each group 
who were on hand from the period when suppressive or mass therapy was dis- 
continued up until November 26 are entered into the analysis. Those evacuated 
before November 26 who had not had malaria are subtracted from strength of 
available indinduals remaining for attacks as of the date of their departure. 
Comparisons are made in respect to initial attack rates and final total experience 
of each group. 

First observed attacks refer to the first attack after discontinuing suppressive 
or mass therapy. The first attack thus recorded need not necessarily be the 
primary attack (see Section W)j since many of the individuals had had previous 
attacks of malaria while on the malarious island. 

The attack rates are computed for the number of individuals remaining in 
each group available for attack, expressed as rate per 1000 per annum. As soon 
as an iadi\ddual had his first attack of malaria (under observation) he was with- 
drawn from the group available for first attacks. This is necesary because in the 
different groups the initial experience differs greatly. In Group I, with most of 
the personnel subject to first observed attacks early, few individuals were left who 
were available for such attacks later. Fewer first observed attacks occurred 
later in Group I than in the other groups, but the rate based on individuals 
available for attack is actually as high as in the other groups (see fig. 2). 

Eefening to figure 2 (based on figures in Appendix II) it is evident that a high 
rate of first observed attacks was reached early in Groups I and II. In Group 
IV this peak has been flattened out considerably. However, after the imtial 
peak in Group IV, the later rates are higher. At the termination of the period of 
observation for each group the rates are roughly comparable and are still high. 
Such rates operating on the small number of available individuals remauung m 
each group for a period of several months more would reduce the group not 
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coming doAvn mth malaria to a veiy small size. Table 2 indicates the experience 
of each group by the end of the period of observation. 

Since the number of cases remaining in each of the groups is so small, and since, 
referring to figure 2, the rates operating on these remaining individuals are high 
enough to convince us that the groups would in a matter of several months be 
reduced almost to zero, we can make seveial definite statements: 



Fig. 2. Weekly Corrected Rates of First Observed Attacks in Different 
Groups Expressed as Rate per 1000 per Annum 
Based on number of individuals available for sucb attacks 


1. Suppressive therapy (atabrine) administered duiing a six months period of 
exposure apparently cured few or no cases of vivax malaria. 

2. Mass therapy, either of atabrine or atabrine plus plasmochin, following 
after suppressive therapy (atabrine) cured few or no cases of vivax malaria. 

3. Mass therapy, particularly that of atabrine plus plasmochin, alters the 
curve of the rate for initial attacks considerably. In Group I, which merely 
discontinued suppression, the highest initial attack rate and peak of cases ocurred 


TREATMENT FOR VIVAX MALARIA 


75 


four weeks after stopping suppressive therapy. In Group II, which had atabrine 
mass therapy, the peak of initial attack rate was lower than in Group I and oc- 
curred a week later. The curves after that agree very closely. Therapeutic 
dosages of atabrine (0.1 gm. t.i.d.) in Group II result in much higher blood levels 
of atabrine than does suppressive therapy of 0.4 gm. of atabrine per week in 
Group I. Consequently after cessation of atabrine in Group II a longer period 
of time is required for the blood atabrine level to drop low enough to permit 
^^vax cases to break through. Facilities were not available to verify this with 
atabrine blood level studies. In Group IV, however, the initial peak of rates 
and of cases is remarkably flattened, although later rates remain higher. Thus 
the effect of this tjqie of mass treatment has been to eliminate the peak in rate 
and to spread it out over a longer period of time. Whether this is a specific 
effect of plasmochin cannot be determined. 

TABLE 2 


Incidence of first observed attacks of vivax malaria in different growps after stopping 

suppressive or mass therapy 



PERIOD OP 
OBSERVATION 

NO. or INDI- 
\TDUALS INITIAXEY 
AVAILABLE 

NO. OP INDI- 
\TDUAI.S GETTING 
MALARIA 

PER CENT GETTING | 
MALARIA 

REMAINING 

AVAILABLE 

INDIVrODALS 

I 

vreets 

27 

361 

347 

96.1 

14 

II 

23 

579 

523 

90.3 

56 

W 

21 , 

371 

335 

91.3 

36 

1 


4. It has been noted that in all of the groups studied first observed attacks of 
vivax malaria (in many instances determined by history to be primary attacks) 
occurred as late as six months after all suppressive or mass therapy had been dis- 
continued. Study of figure 2, sho^ving high rates for first observed attacks still 
operating at the close of the study, indicates that such attacks might stiU be ex- 
pected after an even longer inters’-al. 

n. EFFECT OF MASS THERAPY ON RELAPSE RATES 

For this study Groups I, II, III and IV are compared. The study can be 
convenientlj’' divided into two parts, (1) effects on first relapses occurring after 
first obser\'-ed attacks, and (2) effects on total relapses. 

Originally, corrected rates of first relapses and of total relapses were computed 
for each group. This was an involved statistical maneuver and the final results 
did not present the picture as clearly as figure 1 does, and added no further infor- 
mation. 


1. Effects onfiyst relapses occurring after first observed attaclis. 

First relapses are not separated from total relapses on figure 1, but the first 
peak occurring in the relapse curve five to seven weeks after the peak of first ob- 
served attacks is largely caused by first relapses. 
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When first observed attacks from each group which can be followed for a 
period of 16 weeks after the initial attack are selected and compared, it is possible 
to illustrate more clearly the effects of mass therapy in the different groups. 

A total of 954 first observed attacks from all groups could be followed for 16 
weeks and 812, or 85.5 per cent, had relapsed by this time. None of the groups 
varied markedly from this, as is shown in figure 3. Group IV (which received 
plasmochin during mass therapy) is consistently below the level of the average for 
all groups and when this difference is tested for significance the final total in 
Group IV of 79 per cent relapses is found to vary fromi the combiaed total of all 
groups (85.5%) by 1.9 cr. 

Group IV o- = 3.49% 

Observed difference (85.5% — 79%) = 6.5% 

Or == 1.9 0 - 

Group III (which did not receive plasmochin during the course of mass ther- 
apy), moreover, had a total of 81.8% relapses (Group III a — 2.8%). There 
is no significant difference between Group III and Group IV. It appears that 
none of the types of mass therapy altered the number of first relapses appreciably. 
(The corrected rates of first relapses occurring after first observed attacks re- 
ferred to above but not included in this study showed clearly that all the groups 
had high rates still operating on individuals available for such first relapses at the 
end of the time period. These rates operating for several months more would 
reduce available individuals in aU groups about to zero and raise the cumulative 
total of mdivi duals relapsing after first observed attacks in Figure III nearly to 
100 per cent.) 

Thus after demonstrating first that mass therapy of types employed cured no 
individuals of vivax malaria, it is further evident that it did not alter appreciably 
the later course of the disease as far as first relapses after first observed attacks 
are concerned. 


2. Effect of mass therapy on total relapses 

Study of figme 1, Groups I, II, III and IV, indicates that rates for total re- 
lapses are high in all groups at the end of the period of study, and appreciably 
higher in Groups I and II than in Groups III and IV. 

By folloAving initial cases in each group for a period of 16 weeks after initial 
attack further information can be gained on tendency to relapse. Table 3 pre- 
sents these data. 

There is evidenced here a tendency for fewer total relapses to occur after first 
observed cases in Group IV dming the 16-week period of observation. Vffiether 
this repi’esents a cutting dowm on number of relapses or whether it might rep- 
resent merely a longer time interval between relapses with the eventual total 
number unaffected cannot be determined from the data. 

The onl}'' difference between therapy in Group IV and that employed in Groups 
II and III, aside from a slight difference in time required for administration of 
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mass therapy, is the inclusion of plasmochin. This possible effect of plasmochin 
will be discussed in a separate paragraph later. 

TABLE 3 


Ratio of total relapses to initial cases in different groups over a 16-weeh period 


GROUP 

TIRST OBSERVED ATTACKS | 
WHICH COULD BE FOLLOWED 
16 WEEKS 

1 

TOTAL or ALL RELAPSES 

RATIO OP ALL RELAPSES TO 
ORIGINAL CASES 

I 

292 

444 

1.52 

II 

341 

466 

1.37 

III ' 

185 

252 

1.36 

IV 

136 

159 

1.17 

Total 

954 

1321 

1.38 


III. PERIODICITY OF RELAPSES 

Appendix IV and figure 4 illustrate the periodicity of first relapses expressed as 
percentage of relapsing cases relapsing by weeks. From the figure, a very def- 
inite tendency relapse during the sixth week is evident; 30.3 per cent of relapsing 
cases relapsed in this week and the period of the fifth through the seventh weeks 
accounts for 57.1 per cent of the total number of relapsing cases. 

Figure 1, Group I, illustrates clearly the periodic tendency to relapse. A high 
peak of first observed cases is followed in six weeks by a high peak of relapses and 
in five weeks by another high peak of relapses. 

This periodic tendency to relapse has occurred in individuals who had at one 
time been on atabrine suppressive therapy and who all received quinine, atabrine 
and plasmochin therapy after their first obser\’-ed attack. No suppressive 
therapy was given between attaclcs. 

rv. COMPARISON OF HISTORIES OF INDIVIDUALS WHO HAD MALARIA PRIOR TO 
INCEPTION OF STUDY WITH THOSE WHO HAD FIRST ATTACKS DURING 

THIS STUDY 

In all of the preceding discussions first observed attacks are continually re- 
ferred to, and indicate the first attack of malaria while under observation for 
purposes of study. Some of these individuals had had malaila previously on the 
malarious island; in others, there was no past history of malaria. These data 
were recorded for each case. The histoiy for the group who claim no previous 
malaria attack is probably quite accurate. The history for the group claimiag 
prior attacks is undoubtedlj’" quite inaccurate, since most diagnoses on the malari- 
ous base were clinical diagnoses, and many hoped that by claiming malaria 
attacks they might be evacuated. 

For this study 500 cases selected at random, 250 from each category above, 
spread equally through Groups I, II, IV, were followed for a period of 16 weelcs. 

Table 4 shows the close parallelism between the two groups and indicates that 
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Fio. 4, Pehiodicitt op Fibst Relapses Occobrinq after First Observed Attacks 
Expressed as percentage of relapsing cases relapsing per week-followed over 36-week period 
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grouping first observed cases without attempting to separate them into primary 
attacks or relapses should not affect calculations appreciably. 

From this it would appear that a vivax malaria case occurring after atabrine 
suppressive therapy is discontinued behaves the same in its later course regard- 
less of whether it is a primary case or an early relapsing case. It should be noted 
that the total time covered by this study, from original exposure to malaria to 
termination of the study, is less than one year. This generalization may not ex- 
tend to groups who have been on atabrine suppressive therapy for longer periods 
of time or to relapsing cases later in the course of disease. 

TABLE 4 


Malaria experience over a period of 16 weeks in groups with and without previous malaria 

attacks 


GfiOtTP 

TOTAI. NO. 

I ATTACK 




OF CASES 

ONLY 




Malaria on malarious island 

250 

34 

98 

98 

20 

No previous malaria but developed 

malaria during stay on non-malarious 
island 

250 

27 

108 

103 

12 



V. EVALUATION OP PLASMOCHIN 

It is difficult to arrive at a satisfactory conclusion as to what the effect of 
plasmochin has been in the above study. Group IV differs slightly in several 
respects from the other groups, with the only apparent reason for this difference 
being the inclusion of plasmochin in the course of mass therapy. 

It can be stated with considerable certainty, after referring to figure 2 and 
table 1, that none of the methods used apparently cured any infections. How- 
ever, figure 2 does indicate that inclusion of plasmochin prevented the early high 
peak rates of first observed attacks and spread the experience over a longer time 
period. 

In considering relapses we again see that the plasmochin mass treated group 
has had a consistently although not markedly better experience as far as overall 
rates and ratio of total relapses to original eases are concerned (table 3). How- 
ever, studying figure 3, it appears that over a long enough period of time plas- 
mochin has not served to influence percentage of first relapses occurring after 
first observed attacks. Later relapses after the first relapse are more markedly 
affected to give us the differences noted in total relapses. Over a 16-week study 
period table 5 serves to illustrate this point. Each case in this group was followed 
for a total of 16 weeks after the first observed attack of malaria. Cases were 
selected at random. 

It is to be noted that the dosage of plasmochin used was relatively small. 
Larger doses might have clarified the results. 

This apparent effect of plasmochin in reducing the tendency to repeated re- 
lapses within the period of observation is more difficult to understand when it is 
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remembered that all first observed cases and relapses occurring in aU groups, up 
until October 1, were given plasmochin routinely at the end of the treatment 
course, and that therefore a high percentage of the patients in first observed and 
earlier relapsing cases in all the groups had the benefit of this treatment. 

.Furthermore, even with the differences noted above as possibly due to plas- 
mochin, the effect of this drug in preventing relapses is not so marked as to lead 
us to believe that its use either in suppression or routine treatment of malaria 
cases will appreciably improve the malaria history of an organization. A much 
longer period of study than the present one 'v\t 11 be needed to settle this point 


TABLE 5 

Malaria experience over 16 weeks in 600 patients from treatment groups 


GHOTTP 

TOTAl. IN Gnorrp, 
FIKST OBSERVED j 
ATTACi: 1 

NO. WITH NO 
RELAPSE AFTER 
FIRST OBSERVED 
ATTACK 

NO. WITH 1 
RELAPSE AFTER 
FIRST OBSERVED 
ATTACK 

NO. WITH 2 
RELAPSES AFTER 
FIRST OBSERVED 
ATTACK 

NO, WITH 3 OR 
MORE RELAPSES 
AFTER FIRST 
OBSERVED ATTACK 

I 


34 (17%) 

66 (33%) 

80 (40%) 

20 (10%) 

II 

200 

21 (10.5%) 

88 (44%) 

I 83(41.5%) 

I 8 (4%) 

IV 

100 

16(16%) 

52 (52%) 

1 28 (28%) 

4 (4%) 


satisfactorily. The toxicity of plasmochin is so well established that its routine 
use in treatment of vivax malaria does not appear Justified. 

SXJMAIAET Am> CONCLUSIONS 

It is generally recognized that strain differences exist in vivax malaria. These 
differences may be reflected in widely differing tendencies to relapse, and in 
widely differing relapse intervals. This study is concerned with the strain or 
strains of malaria endemic originally upon the malarious island, plus possibly 
other strains introduced with troops. This experience may be at variance with 
experiences udth other strains of vivax malaria encountered elsewhere. With the 
strain or strains encoxmtered, however, the following conclusions can be draTsm: 

1. In troops almost xmiversally infected with vivax malaria, few or no indi- 
viduals were cured of infection by suppressive atabrine therapy (0.4 gm. per 
week) administered for a period of six months during exposure on a malarious 
island. 

2. Few or no cases of vivax malaria were cured by mass therapy with atabrine 
or vdth atabrine plus plasmochin after leaving the malarious island. 

3. Initial attacks of malaria occurred as late as six months or more after dis- 
continuing atabrine suppression or after mass therapy of any of the tjpes em- 
ployed. 

4. Atabrine mass therapy did not alter appreciably the number of first re- 
lapses occurring after first observed attacks. 

5. There was a definite tendency to relapse between the fifth and seventh week 
after the first observed attack, with a sharp peak in the sixth week. 

6. No difference in course of disease was noted between the group which had 
had malaria attacks previously on the malarious island and had first obser^’ed 
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attacks during the course of this study and the group wliich had not had malaria 
attacks on the malarious island and had actual primary attacks during the course 
of study. (The total time span from date of first exposure to infection to ter- 
mination of study was one year.) 

7. Plasmochin administered as a part of mass therapy apparently aided in 
lowering the peak rate of first observed attacks, and spread the experience over a 
longer time period without appreciably altering the final outcome as far as first 
observed attacks and first relapses are concerned. There may have been a 
slight tendency to lower the ratio of total relapses to first observed attacks, but 
this point is far from being clearly established and needs observation over a 
longer period of time. 


APPENDIX I 


Basic statistics and uncorrcctcd malaria rates infantry 



KtrKDER 

COR- 

FIRST 



sate/IOOO/annuk 

■WEEK 

EVACU- 

ATED 

RECTED 

STRENGTH 

OBSERVED 

ATTACKS 

RELAPSES 

ATTACKS 

First 

observed 

attacks 

Relapses 

Total 


Group I* 


5/12- 5/22 
Suppression 
stopped 5/23 

3 

390 

7 

0 


933 

0 

933 

5/23- 5/29 

0 

390 

28 

0 


3733 

0 

3733 

5/30- 6/5 

2 

388 

30 

1 


4020 

134 

4154 

6/ 6- 6/12 

0 

388 

108 

3 

111 

14474 

402 

14876 

6/13- 6/19 

1 

387 

88 

5 

93 

11824 

671 

12495 

6/20- 6/26 

1 

386 

26 

4 

30 

3502 

538 

4040 

6/27- 7/3 

1 

385 

14 

10 

24 

1890 

1350 

3240 

7/4 - 7/10 

3 

382 

12 

29 

41 

1633 

3947 

5580 

7/11- 7/17 

0 

382 

4 

52 

56 

544 

7078 

7622 

7/18- 7/24 

1 

381 


67 

74 

955 

9144 

10099 

7/25- 7/31 

3 

378 


33 

38 

687 

4539 

5226 

8/1 - 8/7 

13 

365 

6 

30 

36 

854 

4273 

5127 

8/8 - 8/14 

12 

353 


30 

34 

589 

4419 

5008 

8/15- 8/21 

5 

348 


31 

33 

298 

4632 

4930 

8/22- 8/28 

0 

348 


49 

50 

149 

7321 

7470 

8/29- 9/4 


346 


36 

37 

150 

5410 

5560 

9/5 - 9/11 


342 


28 

32 

608 

4257 

4865 

9/12- 9/18 


328 


31 

32 

158 

4914 

5072 

9/19- 9/25 


319 

0 

28 

28 

0 

4564 

4564 

9/26-10/2 


316 

0 

32 

32 

0 

5265 

5265 

10/3 -10/9 


315 

0 

23 

23 

0 

3796 

3796 

10/10-10/16 

3 

312 


28 

31 

500 

5666 

5166 

10/17-10/23 

2 

310 


32 

33 

167 

5367 

5534 

10/24-10/30 

0 

310 

0 

30 

30 

0 

5032 

5032 

10/31-11/6 

3 

307 

0 

29 

29 

0 

4912 

4912 

11/7 -11/13 

5 

302 

2 

26 

28 

344 

4476 

4820 

11/14-11/20 

2 

300 

0 

29 

29 

0 

5026 

5026 

11/21-11/27 

1 

299 

0 

32 

32 

0 

5565 

5565 


* Basic data for figure 1, Group I. 














APPENDIX I — Continued 



irOMBER 

COR- 

riRST 



KATE/lOOO/ANinm 

■WKEK 

j 

ATED 

RECTED 

STRENGTH 

OBSERVED 

ATTACKS 

REL ARSES 

ATTACKS 

First 

observed 

attacks 

KeJapses 

Total 




Group Ilf 





5/12- 5/22 

1 

689 

39 

0 

39 

2943 

0 

2943 

5/23- 5/29 

0 

689 

13 

0 

13 

981 

0 

981 

5/30- 6/5 

0 

689 

7 

0 

7 

528 

0 

528 

6/6 - 6/12 

0 

689 

14 

2 

16 

1056 

150 

1206 

6/13- 6/19 
Stopped mass j 
treatment 6/17 

1 

1 

688 

6 

0 

6 

453 

0 

453 

6/20- 6/26 1 

5 

683 

5 

4 

9 

380 

304 

684 

6/27- 7/3 

0 

683 

14 

8 

22 

1065 

609 

1074 

7/4 - 7/10 

6 

677 

40 

10 

50 ! 

3072 

768 

3840 

7/11- 7/17 

0 

677 

85 

13 ! 

98 

6528 

998 

7526 

7/18- 7/24 

4 

673 

130 

14 

144 

10044 

1081 

11125 

7/25- 7/31 

3 

670 ! 

72 

7 i 

77 ! 

5588 

543 

6131 

8/1 - 8/7 

1 

669 

46 

13 

59 

3575 

1010 

4585 

8/8 - 8/14 

11 

658 

27 

15 

42 

2133 

1185 

3318 

8/15- 8/21 

10 

648 

20 

38 

58 

1604 

3049 

4653 

8/22- 8/28 

6 

642 

18 

41 

59 

1457 

3320 

4777 

8/29- 9/4 

6 

636 

14 

60 

74 

1144 

4905 

6049 

9/5 - 9/11 

0 

636 

5 

44 

49 

408 

3597 

4005 

9/12- 9/18 

18 

618 

10 

44 

54 

841 

3702 

4543 

9/19- 9/25 

4 

614 

5 

45 

50 

423 

3811 

4234 

9/26-10/2 

5 

609 

5 

39 

44 

426 

3330 

3756 

10/3 -10/9 

4 

605 

4 

47 

51 

343 

4039 

4382 

10/10-10/16 

t 3 

i 602 

i 4 

i 42 

46 

345 

3627 

3972 

10/17-10/23 

1 6 

596 

5 

40 

45 

436 

3489 

3925 

10/24-10/30 

i 2 

594 

i 2 

31 

■ 33 

175 

2713 

2888 

10/31-11/6 

‘ 4 

■ 590 

‘ 0 

52 

52 

0 

4583 

4583 

11/7 -11/13 

6 

584 

3 

30 

33 

267 

2671 

2938 

ll/14r-ll/20 

1 

i 583 

6 

54 

60 

535 

4816 

5351 

11/21-11/27 

3 

580 

3 

62 

65 

268 

5538 

5826 


t Basic data for figure 1, Group II. 


Group Illf 


5/12- 5/22 1 

0 1 

456 

16 

0 

16 

1785 

0 

1785 

5/23- 5/29 

0 ! 

456 

43 

0 

43 

4903 

0 

4903 

5/30- 6/5 


456 

24 

0 

24 

2736 

0 

2376 

6/6 - 6/12 

0 * 

456 

4 

0 

4 

456 

0 

456 

6/13- 6/19 

1 

455 i 

2 i 

1 

3 

*228 

114 

342 

6/20- 6/26 

5 

450 

2 

5 

7 

235 

577 

812 

Stopped mass 


] 







treatment 6/27 



1 


j 




6/27- 7/3 

0 

450 

5 

6 

11 

577 

693 

1270 

7/4 - 7/10 

5 

445 

10 

6 

16 

1168 

701 

1869 

7/11- 7/17 

0 

445 

18 

13 

31 

2103 

1519 

3622 

7/18- 7/24 

6 

439 

39 

6 

45 

4619 

710 

5329 

7/25- 7/31 

2 

437 

52 

11 

64 

6306 

1308 

7614 

8/1 - 8/7 j 

i 2 

435 

1 

72 

1 

13 

85 

8602 

1554 

10156 


t Basic data for figure 1, Group III. 
















APPENDIX l~Continucd 



NUMBER 

COR- 

FIRST 



EATE/lOOO/ANNTIit 


evacu- 

ated 

RECTED 

STRENGTH 

OBSERVED 

ATTACKS 

RELAPSES 

ATTACKS 

First 

observed 

attacks 

Relapses 

Total 


Group III — Continued 


S/S - S/14 

10 

425 

35 

9 

44 

42S2 

1101 

5383 

S/15- S/21 

S 

417 

12 

20 

32 

1496 

2494 

3990 

S/22- S/2S 

1 

416 

16 

26 

42 

2000 

3250 

5250 

S/29- 9/4 

5 

411 

6 

21 

27 

759 

2656 

3415 

9/5 - 9/11 

0 

411 

7 

26 

33 

885 

3289 

4174 

9/12- 9/18 

13 

39S 

9 

32 

41 

1175 

4180 

5355 

9/19- 9/25 

4 

394 

3 

33 

36 

395 

4355 

4750 

9/26-10/2 

2 

392 

2 

IS 

20 

265 

2387 

2652 

10/3 -10/9 

S 

3S4 

5 

17 

22 

677 

2303 

2979 

10/10-10/16 

3 

381 

2 

34 

36 

272 

4640 

4912 

10/17-10/23 

1 

380 

2 

32 

34 

273 

437S 

4651 

10/24-10/30 

1 

379 

2 

26 

2S 

274 

3567 

3841 

10/31-11/6 

4 

375 

1 

32 

33 

13S 

4437 

4575 

11/7 -11/13 

0 

375 

3 

32 

35 

416 

4437 

4853 

11/14-11/20 

0 

375 

3 

31 

34 

416 

4298 

4714 

11/21-11/27 

1 

374 

4 

1 

24 

2S 

556 

3336 

3892 


Group IV§ 


5/12- 5/22 


457 

19 

0 

19 

2161 

0 

2161 

5/23- 5/29 


456 

12 

0 

12 

1368 

0 

1368 

5/30- 6/5 


456 

3 

0 

3 

342 

0 

342 

6/6 - 6/12 


453 

0 

0 

0 

0 

0 

0 

6/13- 6/19 


450 

1 

0 

1 

115 

0 

115 

6/20- 6/26 


449 

1 

1 

2 

115 

115 

230 

6/27- 7/3 
Stopped mass 
treatment 7/2 

0 

449 

5 

0 

5 

579 

0 

579 

7/4 - 7/10 

11 

438 

5 

2 

7 

593 

237 

830 

7/11- 7/17 

0 

438 

9 

3 

12 

1068 

356 

1424 

7/18- 7/24 


436 

35 

6 

41 

4174 

715 

4889 

7/25- 7/31 


432 

52 

2 

54 

6259 

240 

6499 

8/1 - 8/7 


431 

41 

5 

46 

4946 

603 

5549 

8/8 - 8/14 

13 

418 

34 

6 

40 

4229 

746 

4975 

8/15- 8/21 

6 

412 

30 

4 

34 

3786 

504 

4290 

8/22- 8/28 

5 

407 

29 

12 

41 

3705 

1533 

5238 

8/29- 9/4 

6 

401 

17 

24 

41 

2204 

3112 

5316 

9/5 - 9/11 

0 

401 

14 

24 

38 

1815 

3112 

4927 

9/12- 9/18 

7 

394 

12 

16 

28 

1583 

2111 

3694 

9/19- 9/25 

* 8 

386 

9 

20 

29 

1212 

2694 

3906 

9/26-10/2 

0 

386 

8 

14 

22 

1077 

1886 

2963 

10/3 -10/9 

3 

383 

7 

23 

30 

950 

3122 

4072 

10/10-10/16 

. 3 

380 

6 

23 

29 

821 

3147 

3968 

10/18-10/23 

3 

377 

11 

29 

40 

1517 

4000 

5517 

10/24-10/30 

3 

374 


32 

37 

695 

4449 

5144 

10/31-11/6 

1 

373 


25 

27 

278 

3485 

3763 

11/7 -11/13 

0 

373 


21 

22 

139 

2927 

3066 

11/14^11/20 

0 

373 

2 

20 

22 

278 

2788 

3066 

11/21-11/27 

0 

373 

6 

27 

23 

836 

3764 

4600 


§ Basic data for figure 1, Group IV. 
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APPENDIX II* 


Malaria in Infantry: corrected attack rates for first observed attacks, based on individuals 

available for such attacks 


WEEK 

EATE PEE 1000 PEE ANITOII 

Group I 

Group II 

Group TV 

5 / 23 - 5/29 

3802 

1038 

1424 • 

5 / 30 - 6/5 

4394 

570 

367 

6/6 - 6/12 

17387 

1153 

0 

6 / 13 - 6/19 

21284 

505 

124 

6 / 20 - 6/26 

10730 

427 

125 

6 / 27 - 7/3 

7280 

1215 

629 

7/4 - 7/10 

7341 

3555 

637 

7 / 11 - 7/17 


8200 

1189 

7 / 18 - 7/24 

► 4650 

17094 . 

4691 

7 / 25 - 7/31 

11663 

7704 

8/1 - 8/7 


9684 

7158 

8/8 - 8/14 


7020 

6879 

8 / 15 - 8/21 

' 2771 

6010 

7189 

8 / 22 - 8/28 

6198 

8195 

8 / 29 - 9/4 


5515 

5616 

9/5 - 9/11 


2203 

. 5556 

9 / 12 - 9/18 . 
9 / 19 - 9/25 

' 2408 

4601 

2626 

5333 

4500 

9 / 26 - 10/2 


2795 

4654 

10/3 - 10/9 
10 / 10 - 10/16 
10 / 17 - 10/23 
10 / 24 r - 10/30 

■ 2476 

2437 

5524 

10 / 31 - 11/6 

11/7 - 11/13 
11 / 14 - 11/20 
11 / 21 - 11/27 

^ 1651 

2313 

3213 


* Basis data for figure 2. 


APPENDIX III* 


Malaria in infantry: per cent of first relapses in sixteen-week period after first observed 

attack 


GROX7P 

riKST 

OBSERVED 

ATTACKS 

PER CENT OP PERST OBSERVED ATTACKS RELAPSING POR PIRST TIUE 

1-4 weeks 

5-8 weeks 

9-12 weeks j 

13-16 weeks 

Total 

I 

292 

3.1 

66.1 

12.3 

4.8 

86.3 

II 

341 j 

1.5 

54.5 

24.3 

8.2 

88.2 

III 

185 

2.2 

52.9 

18.9 

8.8 

81.8 

IV i 

136 

3,3 

49.2 

19.1 

7.4 

79.0 

Total 

954 

2.3 

56.8 

18.8 


85.5 
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APPENDIX IV* 

Malaria in infantry: ■periodicity of 81'S first relapses after 954 first observed attacks, 

expressed as per cent of eases relapsing per week 


The 812 relapsing cases relapsing per week 
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THE DIAGNOSIS OF SCHISTOSOMIASIS JAPONICA 

I. The SY^a>TOMs, Signs and Physical Findings Characteristic op 
Schistosomiasis Japonica at Different Stages in the 
Development op the Disease 
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AKD GEORGE W. HUNTER, IIP 

Commission on Schistosomiasis, Commission on Tropical Diseases, Army Epidemiological 
Board, Preventive Medicine Service, Office of the Surgeon General, 

Washington £5, D. C. 

INTRODUCTION 

The first clinical report of schistosomiasis japonica, referred to under the name 
“Itatayama disease”, iras published in 1847 (1), more than half a century before 
the etiologic agent vas discovered (2). In 1883, Baelz (3) described enlarged 
liver and spleen, bloody diarrhea, anemia, fever, cachexia, ascites and edema as 
characteristic of the disease. For the next twenty five or thirty years Japanese 
phj'sicians and pathologists were impressed with the fever which was at times 
confused vith that of malaria (4) ; the hypertrophy of liver and spleen, especially 
as obsen'ed in young people (5) ; later the cirrhosis of the liver (6) with ascites 
(7) ; the anemia (8) ; the frequent association of the disease vith appendicitis (9), 
carcinoma of the liver (10) or bowel (11, 12), or with Jacksonian epilepsy (13, 
14). 

The earliest reports of scliistosomiasis in China appeared a few months after 
its etiology was clarified (15, 16). Here Rithin a few years American and British 
physicians came to recognize in their own nationals, W'ho were occasionally ex- 
posed to infection by bathing or swinuning in the Yangtze river or its tributaries 
(17), certain relatively early pathognomom’c symptoms and signs, particularly 
urticaria (18, 19), pseudo-angioneurotic edema (20) and eosinophilia (17, 19) 
accompanied by intermittent evening fever (19). 

The discovery of the disease in the Philippines in 1906 (21) soon added valu- 
able epidemiological and pathological information, but essentially no new climeal 
data. Similarly, knowledge that the disease was mildly endemic on Formosa 
(22) produced no significant clinical contribution. 

STAGES OF infection OBSERVED 

The Japanese medical literature from 1883 for a period of approximately four 
decades contains a wealth of information on the etiology, epidemiology , pathology 
and] attempted control of schistosomiasis. There are likewise a large number of 
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clinical observations on the chronic stage but essentially no information on the 
incubation period and the onset of the disease. 

In China the great majority of patients suffering from schistosomiasis have 
been natives who came to dispensaries and hospitals in a moderately advanced 
or late chronic stage of the infection. When foreigners occasionally avposed 
themselves accidentally by wading in infested swamps, or swimming in infested 
bodies of water in the Yangtze valley, it was possible to observe the disease dur- 
ing its developmental period. These relatively few observations have been 
recorded by Lambert (18), Laning (23), and Faust and Meleney (24) on British 
and American naval personnel, by Logan (20) on an American youth and by Lee 
(25) on a group of Roumanian gypsies. In the summer of 1923 a moderate sized 
epidemic of schistosomiasis was discovered in a single group in China, who were 
exposed simultaneously and developed acute manifestations at approximately 
the same time (26). They consisted of about forty Chinese school boys and their 
American athletic director, who swam in infested water at Anking, Anhwei Prov- 
ince during the middle of June. A month later Dr. Harry Taylor, the mission- 
ary physician at the station, was called back from vacation to diagnose and ad- 
minister treatment to the entire number, most of whom were already seriously 
ill. Some years later (1931) a delayed summer flood in the lower Yangtze valley 
reached the ‘Lackdoor” of Shanghai and produced infection in several hundred 
Chinese and in forty to fifty Europeans. There are no reports on the native 
cases but Kastein (27) has presented a graphic picture of the acute stage in 
fifteen of the infected Europeans. The Chinese patients seen by Logan (16), 
Houghton (28), TooteU (29), Faust and Meleney (24), Meleney, Faust and Was- 
sell (30), Chu (31), as well as other investigators in China, had been exposed 
months to years earlier or had been subject to a series of exposures superimposed 
on one another year after year. 

In the Philippines there were many cases of schistosomiasis diagnosed each 
year among the inmates of Bilibid Prison, but until recent years there have been 
no reliable sur^’^ey records of the infection among the native population in endemic 
foci in these Islands (32, 33). 

The pathogenesis of schistosomiasis japonica during the earlier stages has been 
elucidated exclusively from studies on experimentally infected laboratory ani- 
mals, which were exposed at known times to varjdng amounts of inoculum and 
were sacrificed from day to day, in order to trace the migration of the developing 
worms and the lesions which they produced (24). This has served a very useful 
purpose in builcfing up a knowledge of the disease process to a point where human 
autopsy material was available to carry the picture to its terminal stage. The 
experimental material has likewise indirectly provided a pathological basis for 
the anticipated sjTnptoms, signs and physical findings in man from the time of 
exposure to the characteristic, well matured picture of the disease. 

CASE itA.TERIAIj UTHilZED 

The occurrence of several hundred cases of schistosomiasis japonica among 
militarj’ personnel wthin a limited period of months following the American 
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reoccupation of Leyte, Philippine Islands, beginning in October, 1944, bas pro- 
vided a group of patients vdth this disease who were available for study during 
the late incubation, acute and early chronic stages. For comparison there have 
been many natives of all ages on Leyte, Mindoro, Mindanao and Samar, who 
have been exposed to single or multiple infections and usually exhibit a relative^ 
advanced stage of the disease. 

The case material which has been available for the present study has consisted 
of the following: 

1. Certain miUtaiy cases in the wards of an American Army General Hospital 

on Leyte, P. I. 

2. A group from a Royal Australian Air Force Construction Squadron, who had 

been exposed for a brief period on Leyte. 

3. Native cases in TJzdon barrio, Leyte. 

4. Native patients in the San Jos6 Civilian Hospital, Leyte. 

5. Native patients seen in the Valencia Civilian Hospital and in a nearby 

Evacuation Hospital, Mindanao. 

6. Native civilian and guerrilla patients in an American Field Hospital, Leyte. 
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DEVELOPMENT OF SYMPTOMS AND PHYSICAL FINDINGS 

Initial factors involved. Before an attempt is made to present a picture of the 
progressive clinical findings in schistosomiasis japonica it is necessary to indicate 
that these findings vary quantitatively and quahtatively in different patients, 
depending on several factors. The more significant of these will be briefly out- 
lined. 

Amount of inoculum in infested water at time of exposure. The inoculum con- 
sists of the viable fork-tailed larvae, the cercariae, capable of penetrating human 
skin and initiating an infection. The quantity of the inoculum differs in endemic 
areas seasonally and in different locations within an endemic focus, due to the 
number of cercariae released by the snail hosts, the distance of the site of exposure 
from the snail source of supply for the cercariae, whether the water is stagnant or 
flowing, and the age, hence the invasive capacity, of the cercariae. These are all 
biological and epidemiological factors which are important in determining the 
dosage of inoculum to which the individual is exposed, hence they are clinically 
important. 

Area of skin {and mucous membrane) exposed. Wading only ankle-deep in 
infested water, especially if pants are carefully tucked inside weU-laced combat 
boots, provides relatively scant opportunity for exposure. Wading up to the 
armpits and bathing or svimmmg in infested water constitute heavy exposure 
hazards. Contact of infested water with the foresldn, or the mucous membranes 
of the mouth and anus, is especially dangerous, since the cercariae are able to 
enter these tissues much more easily than the more cornified epidermis. 

Single or repeated exposure. Single exposure, particularly if it extends over a 
period of hours, may provide sufficient inoculum for a fulminating infection. 
On the other hand, infection may be built up to an equally Ifigh level by daily 
exposures of much shorter duration. 

Reaction of patient to the parasite. The metabolites released by the invading 
parasite during its migration through the tissues, its period of grovdh and matur- 
ing, and the tissue reaction to the eggs which are layed by the mature worms daily 
for weeks, months and even years, invariabty produce physical changes and symp- 
toms in the patient. If few worms enter the body, the reaction vdU usually be 
minimal; if many worms penetrate the skin, the reaction will be quantitatively 
greater. Similarly, if few worms reach maturity, correspondingly few eggs will 
be layed and pathological changes due to this process will be relatively slight, 
possibly of subcliaical importance. If many woims reach maturity, the acute 
reaction to the woims and their eggs may be fatal to the patient. Nevertheless, 
ail individuals probably -do not react in the same degree to equal amounts of in- 
oculum. Observation suggests that small native children are particular sensi- 
tive to schistosomiasis japonica and that some military personnel have reacted 
in a comparable manner. 

EARLY' MANIFESTATIONS AND FINDINGS 

The greatest difficulty in interpreting the early signs and symptoms of schis- 
tosomiasis japonica is the uncertainty as to whether they are due to this or to 
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several other diseases which may have more or less similar manifestations. 
Within a few minutes after skin exposure to schistosomiasis japonica a person 
may experience sharp needling pain at the sites of penetration of the fork-tailed 
cercariae, followed from one to several days later by an irritating, frequently 
unproductive bronchial cough of a few days' duration, or at times a viscous mu- 
cous discharge from the lungs. There may then be no additional distinct symp- 
toms for two weeks or longer, when overnight a moderate to severe urticaria may 
develop. 

For the first time the patient suddenly begins to reahze that he is sick; he is 
losing his appetite; he tires easily; he is developing headache and mental dullness 
and is beginning to lose weight. He becomes gradually aware of a fullness in the 
epigastric region and tenderness on pressure in the upper part of the abdomen 
directly to the right of the xiphoid process. Towards evening he first feels chiUy, 
then his skin feels hot and he has a tendency to sweat at night, although next 
morning he feels nearly normal, except for moderate weakness . These symptoms 
increase slowly until in about four to five weeks after exposure there is pain and 
fullness in the right hypochondrium, general abdominal distress, frequently 
mucous diarrhea and more or less profound anorexia. Suddenly there may be a 
painful bowel movement and flecks of bloody mucus will be discharged in the 
stools. 

The symptoms which have been described above, essentially in their proper 
sequence, seldom all occur in any one patient. Some individuals give a clear 
history of netthng dermatitis within a few minutes to a few hours following ex- 
posure (Lee, 25) ; on the other hand, many do not, while others will recall some 
kind of skin irritation following wading or bathing in fresh water, but their in- 
formation is so indefinite that the dermatitis might have been due to any one of 
several irritating agents. The bronchial cough is suggestive only when it follows 
within a few days a definite exposure in infested water, with or without the net- 
tling dermatitis. These conditions have usually been forgotten before the urti- 
caria develops. Moreover, urticaria may not occur or it may be so slight as to 
pass unnoticed. Again, it may appear only after the disease has passed from the 
incubation period well into the stage of acute illness. Thus, none of the above 
manifestations are likely to suggest that the indiiddual is developing blood-fluke 
infection unless the attending physician is experienced with the disease. 

The physical weakness and mental lethargy, loss of appetite and loss of weight, 
pain and stiffness in the leg muscles, small of the back and neck, the headache, 
the intermittent chilly sensation followed by fever each night, the abdominal 
fullness and tenderness in the right hypochondrium, — all of these are relatively 
constant features of the disease as it approaches the end of the incubation period. 

Physical examination at this time will usually reveal no abnormalities of the 
head, neck, heart, lungs or reflexes resulting from the infection, except for nuchal 
rigidity which may appear this early. On deep inspiration there vdll be acute 
tenderness under the ribs immediately to the right of the midventral line, and as 
the disease progresses an exquisitely tender liver may be palpated, or at least 
demonstrated by percussion. This syndrome may suggest infectious hepatitis. 
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leptospirosis, relapsing fever, or may be mistaken for amebic hepatitis or amebic 
liver abscess. 

The intestinal sjnnptoms, including indigestion, loss of appetite, tenderness 
throughout the length of the small bowel, possibly a sjmdrome of acute or sub- 
acute appendicitis, and mucous diai-rhea are all moderately constant prodromes 
of intestinal schistosomiasis, but they may be, and have been, confused with 
tjiDhoid or paratyphoid fever, undulant fever, influenza or hookworm disease. 

A blood count made towards the end of the incubation period will usuallj’’ 
reveal a poIjTnorphonuclear leukocytosis ndth notable eosinopliilia, but no signif- 
icant change in the red cells. 

Unless the entire picture of the incubation period is obtained in sequence, there 
is not a sufficient!}’’ clear train of S3Tnptoms to make a satisfactory presumptive 
diagnosis of intestinal schistosomiasis, although a Iiistory of having bathed in 
fresh water in an endemic area about four or five weeks pre\uously vdll add con- 
siderable strength to a diagnosis based on the more constant characteristic fea- 
tures of this stage of the infection. Moreover, it must be emphasized that many 
sldlled medical officers, who had been indoctrinated ndth information concerning 
the endemicity of the disease on Lej'te but without pre^dous actual experience, 
failed to recognize the signs and symptoms of the disease before the acute stage 
had been reached. Unfortunatel}’’ there is no laboratory aid which has yet been 
developed that vill provide specific confirmation of a clinical diagnosis of this 
infection during the incubation period. 

Some lightly exposed indi’viduals may react clinically to a minimum infection, 
and may manifest urticaria, fever, malaise, muscle pains, epigastric pain and 
hepatic tenderness. Probably the majority of light infections, however, -wdll pass 
through an essentially symptomless incubation period and the disease will remain 
undiagnosed for months or years, unless routine stool examination for parasites 
is made by a competent laboratory worker. On the other hand, physicians inex- 
perienced vdth tins disease, have, on the basis of certain suggestive symptoms and 
physical findings, arrived at a clinical diagnosis of schistosomiasis japonica and 
have even proceeded to specific treatment vuthout demonstration of the egg of 
(S. japonicum or have undertaken treatment on the basis of mistaken laboratory 
diagnosis (i.e., plant-cell artifacts diagnosed as eggs). 

THE ACUTE STAGE 

The onset of the acute stage occurs at the time the mature, fertilized female 
worms are beginning their egg-laying and the eggs are filtering through the in- 
testinal wall, usually to be evacuated in the stool within a period of a few days. 
This stage may be expected to last for approximately three to four months, by 
which time it will gradually be transformed into the early chronic condition. 
Four different varieties of this stage may be distinguished, viz. 1) fulminating, 2) 
severe ^vith sudden onset, 3) insidious and 4) asymptomatic. In addition, 5) 
complications must be considered. 

(1) Fulminating infections. While this type has undoubtedly occurred from 
time to time, the patient has heretofore probably died before specific diagnosis 
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was made. At least one instance of infection in a military patient belongs to the 
category of fulminating schistosomiasis. Before the end of the incubation period 
the patient was seriously ill, with evidences of acute systemic intoxication, a 
greatly enlarged tender liver and abdominal distress. Several stool examinations 
were negative for eggs of S. japonicum but the condition was so strongly sug- 
gestive of the disease that tartar emetic treatment was begun. The patient 
tolerated the treatment verji- poorly, his condition became critical and death 
occurred shortly after the second administration of the drug. Necropsy revealed 
the accuracy of the clinical diagnosis, -unth myriads of eggs in pseudo-abscesses 
and pseudo-tubercles studding the surface and substance of the hver and other 
organs and tissues. It seems probable that exposure to infection had been ex- 
tremely heavy, that reaction to this massive infection had been very severe, and 
that death had resulted primarily from an ovenvhehning intoxication produced 
by the metabolites of the worms and their eggs. 

(2) Severe, with sudden onset. This is the variety of the disease which Faust 
and Meleney (24) observed in an American Naval officer, which Lee (25) 
described for two of his family group of patients and which Kastein (27) reported 
for several of his fifteen cases. In Kastein 's series the prodromal symptoms con- 
sisted of fatigue, mental apathy, severe headache, early evening fever ranging 
from 38° to 41°C., loss of appetite, nausea, an unexplained feeling of heaviness in 
the abdomen, tachycardia and a desire to cough but without bronchitis. 
Urticaria appeared in every instance a few days after the onset. Physical exam- 
ination revealed clear lungs and heart, although there was an accentuation of the 
T wave. The reflexes were normal. Neither liver nor spleen was palpable, pos- 
sibly because none of the individuals had been subject to heavy exposure and the 
infection had not yet developed its full picture. Contrary to the usual condition 
at the onset of acute symptoms in schistosomiasis japonica, the stools were con- 
stipated and were never bloody. In each instance, however, eggs of Schistosoma 
japonicum were found in numbers in the feces. There was a leukocytosis ranging 
from 18,000 to 28,000 and an eosinophilia of 42 to 72 per cent. The presence of 
hookworms and whipworms, as indicated by eggs in the stools of some of the 
patients, may have contributed somewhat to the blood picture but was not suffi- 
cient to explain the imusually high eosinophihc leukocytosis. Cultures of the 
blood, sputum and urine were aU negative for pathogenic organisms. The 
incubation period was calculated to be four to six weeks, agreeing essentially vith 
the estimate of Faust and Meleney (24), Lee (25) and Taylor (26). 

In the Leyte mihtary series the first symptoms in one group of eight of 
a Company of Engineers, whose exposure consisted of swimming once in infested 
water, appeared four to five weeks later. In another Company of the same? 
Corps, whose exposure was heavy and prolonged during bridge construction,^ 
symptoms appeared in some individuals within a somewhat shorter time, 
although the median date of first symptoms was the same, i.e., 4 to 5 weeks fol- 
lowing exposure. The earliest hospital sheet entries in these positive military 
cases before laboratory diagnosis of schistosomiasis japonica had been made in- 
cluded: fever of unexplained origin, urticaria, angioneurotic edema, gastro- 
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intestinal distress, acute diarrhea, dysentery, dengue, suspected infectious hepa- 
titis and upper respiratory infection. 

Witliin 81 days following the first possible exposure 61 per cent of the schisto- 
somiasis cases in an Engineering Battalion had been hospitahzed because of severe 
illness. Seventy seven per cent of this positive series had an eosinophiha of 30 
per cent or over and only 6 per cent of the total had less than 10 per 
cent eosinopliilia. One patient had 90 per cent eosmophilia. T^Tiile some of 
these cases had hookworm infection, strongyloidiasis, ascariasis and amebiasis, 
the disease from which the individuals in this series were suffering was schisto- 
somiasis. 

Chnical papers have been prepai'ed and have already been pubhshed (34) or are 
to be pubhshed on the American mihtary cases of schistosomiasis japonica. 
These contain detailed accounts of the symptoms and physical findings of the 
patients. In tiiis more general consideration of the subject it is sufficient to state 
that all of the pre^dously described elements in the picture of the acute stage of 
the disease were encountered, essentially in the same sequence and varying ac- 
cording to the degree of exposure and reaction of the patient to the parasite and 
its products. Even after four or five months of hospitalization several of the 
patients who had been under fuadin treatment totalling 40 to 80 cc. were still 
under weight, were apathetic and had a distressed hepatic facies. They com- 
plained of failure to regain their appetite, of continued abdominal fullness and 
pain, of irregular bowel movements, of muscular aches and pains and of arthral- 
gia. Some of the men had a palpable tender liver and enlarged spleen, although 
in no instance was there evidence of hepatic cirrhosis or of the tremendous spleno- 
megaly observed at a later stage in untreated infected natives. 

Two relatively common findings in the American mihtary series have not pre- 
viously been described for the acute stage of schistosomiasis japonica, namely, 
nuchal rigidity and the development of “yellowish nodules” on the mucosal sur- 
face of the low’’er sigmoid colon and proximal level of the rectum. 

The soreness and stiffness of the posterior neck muscles were present in so many 
of the schistosomiasis patients studied in a General Hospital, that the Com- 
manding Officer, Col. James Bordley, 3rd, regards this as quite typical of the 
series, and pathognomonic of this stage of the disease. The rigidity was partic- 
ularly noticeable in an attempt to move the head from side to side. 

“Yellowish nodules” were seen with relative frequency in patients who were 
proctoscoped during this period. They consist of shghtly elevated papillae, 
about one to 3 mm. in diameter and are most commonly observed from a few cen- 
timeters above the junction of the sigmoid colon and rectum to a few centimeteis 
below this level. Biopsy of the lesions and their examination under the micro- 
scope, either in section or smear, has demonstrated that they contain nests of S. 
japon-icum eggs in pseudo-abscesses or developing pseudo-tubercles. Even when 
the nodules can not be demonstrated, at times there are dilated blood capillaries, 
which on biopsy or scraping are found to contain one or more eggs. It is under- 
standable that eggs should be present in the intestinal mucosa at this stage of the 
disease, for it is from this location that they are discharged into the intestinal lu- 
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men and are soon thereafter evacuated in the stool. Previously, however, on the 
basis of schistosomiasis japonica infections in experimental animals, it has been 
concluded that in the average infection during the acute stage the mature worms 
and the lesions for which they and their eggs are responsible are located primarity 
in the poit-ion of bowel drained by the upper branches of the supeiior mesenteric 
vein. Later, as the disease process progresses, the drainage of the colon and rec- 
tum becomes similarly involved, vith dilatation of the capillaries, the develop- 
ment of papillomata and even prolapsus recti (24). The relatively common ob- 
servance of “yellowish nodules” or distended capillaries in the lower sigmoid colon 
and upper rectal levels in the American militarj’- cases indicates that the 
conclusion based on findings in experimental animals was somewhat misleading. 

(3) Insidious infections. These are cases in which there is no sudden onset but 
a gradual development of the infective process over a period of one to three montlis 
beyond the average incubation period. There is a gradually increasing malaise; 
a slight increase in evening temperature which is not usually apparent to the 
patient as a distinct “fever” but may be mistaken for mild chronic falciparum 
malaria, undulant fever or leptospirosis; the gradual development of abdominal 
fullness and of digestive disturbance, irith alternating constipation and loose 
stools, rarely with macroscopic blood and mucus; an almost imperceptible 
decrease in appetite and perhaps some loss in weight and in strength. There 
may be an eosinophilia of 10 per cent or higher but more frequently it is beloiv 5 
per cent and the total leukocyte count is not typically increased. Only after the 
disease has progi’essed for several months does the patient realize that he is ill. 

This variety of the disease has its parallel in insidious amebic colitis. It is 
relatively common in schistosomiasis mansoni but has rarel}’’ been encountered in 
natives infected with Schistosoma japonicim, because of the usual complication 
of superinfection. Several cases have been observed in the American militarj’’ 
series and some in the Australian Air Force Command. On the basis of histories 
obtained from the latter group there is suggestive evidence that slow development 
of the disease to clinical level is the result of light exposure associated with rela- 


tively slight sensitivity of the indiiidual to the invading parasites. 

In the fust place, the clinical importance of this variety of schistosomiasis 
japonica consists in the difficulty of arriving at a clinical diagnosis because of the 
absence or low grade character of the usual pathognomonic landmarks. In a high 
percentage of cases the diagnosis is made only after eggs of S. japojiicum liavc 
been reported in the stools. In the second place, by the time the etiolop' of the 
disease has been discovered the underljing pathological processes arc with equal 
insidiousness transformmg from an acute to a chronic condition and permanent 
tissue damage vill soon be undenvay. Thus, specific diagnosis and treatment; 


are important. 

(4) Asymptomatic infections. In these cases no symptoms or signs of clinical 
grade appear within a period of several months following e.x])Osurc. An api>re- 
ciable munber of this variety have turned up on routine fecal examination in 
American troops on Le3rie or after the men had been detailed elsewhere, and 
during a special surcej^ conducted bj’ the Commission on Schistosomiasis on 
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treated and untreated Royal Austrialian Air Force personnel several months after 
they had left endemic territory. Questioning these individuals supplemented by 
physical examination provided no evidence that they were constitutionally affected 
by the parasite. For the time being they belong to the category of “carriers”. 
The possible development of these cases to clinical grade at some time in 
the future is a matter of considerable importance. 

(5) Complications. The comphcations which have been observed in schisto- 
somiasis iaponica consist in (a) extension of the lesions from the abdominal 
viscera to other organs and tissues of the body, and (b) secondaiy infections or 
disease processes. 

(a) Extension of schistoso^niasis lesions. The lungs. From time to time ex- 
perimental animals and human cases reveal at autopsy the presence of pseudo- 
tubercles arormd eggs of Schistosoma japonicum, S. mansoni and jS. haematobium, 
which have been carried from the mesenteric-portal vessels or vesical venules via 
collateral venous circulation through the right heart into the pulmonary arteries 
and have filtered out into the pulmonary parenchyma. During life these lesions 
in sufiicient amoimt may produce r&les. X-ray pictures indicate several to many 
small scattered areas of infiltration similar to the findings in mili ary tuberculosis. 
At least one American mihtary case of this type has been reported (34). 

End-arterioles. By a mechanism as yet unexplained Schistosoma eggs at times 
get out of the closed venous-portal or the vesical-venous system (and their ex- 
tensions via the inferior vena cava and right heart to the pulmonary arterioles) 
and enter the systemic arterial circulation. They are carried to sites of lodgment 
in end-arterioles, where they may occlude the vessels and give rise to embolic 
manifestations, or may filter out into perivascular tissues and produce pseudo- 
abscesses and eventually pseudo-tubercles. Three different anatomical locations 
have thus far been described. 

The toes. In one case reported by Thomas and Gage (34) the skin of the small 
and great toes of both feet showed evidence of embolic occlusion of the end- 
arterioles. There was a black gangrenous area about 1 cm. in diameter on the 
outer aspect of the end of each small toe, which was exquisitely tender, while the 
great toes had larger dark red areas. The patient was passing S. japonicum eggs 
in his stools and had neurological complications, attributed to the disease process. 

Cutaneous lodgment of eggs. One American military patient vdth this compli- 
cation has been studied by Fishbon (35). Multiple lesions first appeared in the 
abdominal skin and were proven by scrapings to be due to S. japonicum eggs. 
Shortly thereafter similar, slightly elevated papular lesions developed in the 
intercostal spaces; their etiology was confirmed by biopsy. 

Neurological manifestations. Japanese physicians (13, 14) have frequently 
reported Jacksonian epilepsy in association with helminthic infections. Some 
of these have been demonstrated to be caused by lodgment of S. japonicum eggs 
in the brain; more often they have been due to the adult worms and eggs of the 
limg fluke, Paragonimus westermani, at other times to cysticerci of Taenia solium. 
Africa and his associates (36) have found that eggs of the minute intestinal fluke, 
Metagonimus yokogawai, and its relatives may reach the brain and spinal cord 
and set up grave neurological disturbances. 
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Chu (31) has reported one case of Jacksonian epilepsy and one case of hemi- 
plegia in his series of 39 Chinese cases of schistosomiasis japonica. In (he latter 
instance the patient had bathed daily in a small stream from August 13 
to September 19. Beginning the middle of September he developed late after- 
noon chills and fever. On October 12, when he was examined, he had a statu- 
esque facies and short, stuttering speech. His spleen and liver were palpable and 
S. japonieum eggs were present in his feces. His white count was 14,500 and liis 
eosinophils, 53 per cent. Three days later he had developed almost complete 
paralysis of his right extremities. Recovery from the neurological sjTnptoms was 
rather prompt following the administration of 64.5 cc. of fuadin. 

In addition to the two American military patients with neurological manifesta- 
tions complicating intestinal schistosomiasis, reported by Thomas and Gage (34), 
several others have been studied. Three of these were demonstrated to one of 
the members of the Commission on Schistosomiasis (E. C. F.) by Col. James 
Bordley. One who had characteiistic symptoms of intestinal schistosomiasis 
(viz. febrile onset, headache, nuchal rigidity, giant urticaria, hepatomegaly and 
splenomegaly, and loss of weight) developed neurological manifestations eleven 
days after the acute onset. These consisted of weakness of the muscles of the 
left arm, with Hotfman reflex, and transient weakness of the muscles of the loft 
leg and left side of the face. Although the symptoms began to improve 5 days 
after fuadin treatment was instituted, when the patient was demonstrated three 
weeks later, he still had palpable liver and spleen, moderate epigastric distress, 
nuchal rigidity, exaggerated biceps reflex of the left arm, weakness and 
adiadokokinesis of the left arm, and difficulty in standing because of lack of mus- 


cular balance of the left leg. 

A second schistosomiasis patient, when examined five weeks after exposure, 
had cough, late afternoon fever, wms drowsj’’, had moist rales at the base of the 
left lung, a palpable spleen and a total white blood count of 22,050 with 38 per 
cent eosinophils. Nine daj’^s later he had flaccid paralysis of the left arm .with 
exaggerated reflexes and Hoffmann reflex. In spite of fuadin therapy, when 
he was demonstrated five weeks after the onset of symptoms, lie was markedly 


emaciated, was still febrile eveiy evening and had right ankle clonus and exag- 
gerated refle.xes of the right leg. These manifestations demonstrate the existence 
of an early lesion in the right motor cortex and a subsequent one in the left cortex. 

The third schistosomiasis patient developed neurologic.al symptoms six and 
one-half months after exposure and five and one-half months after tlic on'^ct of 
intestinal s3mptoms. He had been treated with two courses of fuadin. the fin-t 
consisting of 40 cc., the second of 60 cc. WTcn he was demonstrated four v 
subsequent to the first appearance of neurological sjmptoms he had marxc-;3 
weakness of the muscles of the left side of the body, numbness of the left tipp<w 
lip, and left third, fourth and fifth fingers. On arising from his bed in an at tempt 
to show the partial paralj'sis of his left leg, he had a Jacksonian .scsnirt* of j^.mrt 
duration, with extreme weakness and dyspnea. Tims, legions were demoTxrtrf..o 


for both the right motor and sensorj* neurons. 

(b) Snpcrvaiing diseases. These complications may consist of rhromc proc- 
esses from which the patient has suffered for years, as luberculo'^-.'^, mri.r.Ta-> 
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amebic colitis, bookw^onn disease, strongyloidiasis, ascariasis, or deficiencj’- disease. 
On the other hand, pneumonia, t3’-phoid and paratyphoid fevers, infectious hep- 
atitis, bacillary dysentery, amebic hepatitis or other acute infectious diseases maj’- 
supervene. The members of the Commission on Scliistosomiasis have seen all of 
these diseases complicating schistosomiasis in the Pliilippines, either in natives 
or American mihtary patients. In the native population tuberculosis, protozoan 
and hehninthic infections, pneumonia and malnutrition have commonly been 
associated vith schistosomiasis in endemic areas, while chronic malaria has been 
prevalent except on Lejde. In Cliina and the Philippines typhoid and paraty- 
phoid fevers are frequently present. In American military pemonnel the asso- 
ciated infections which have been diagnosed in schistosomiasis cases include; 
clinical and asymptomatic amebic colitis, amebic hepatitis, bacillarj’- dj^sentery, 
relapsed vivax malaria, hookworm disease, strong3doidiasis, ascariasis, infectious 
hepatitis and pneumonia. The manifestations of these diseases often obscure 
the picture of schistosomiasis and make accurate clinical diagnosis difficult, if 
not actually impossible. Thus a tender enlarged liver maj’’ be due to amebic 
colitis or infectious hepatitis. Typhoid fever, acute amebic colitis or bacillary 
dysentery may produce intestinal discomfort and the latter two diseases pro^dde 
a stool which may grossly resemble that of the acute stage of schistosomiasis 
japonica. Chronic malaria has an associated splenomegaty. Pneumonia is at 
times confused with pulmonary symptoms in schistosomiasis. Moreover, 
elevation of temperature or change in the blood picture due to the associated 
disease may so alter these conditions from their characteristic qualities that little 
or no reliance can be placed on them diagnostically. Finally, light infection of 
S. japonicum in the patient may be completety overshadowed bj’’ the temporarily 
more important one. 

PROGRESS OF THE DISEASE TO THE CHRONIC STAGE 

General perspective. The metabolites of the parent worms continue to be dis- 
charged into the system for years and are probably primarily responsible for the 
febrile reaction and the sj’^stemic manifestation of intoxication. Yet, more and 
more, eggs of the parasite come to assume the important role in the development 
of the chronic picture. This is due to the increasing number of eggs wliich fail to 
be discharged into the lumen of the bowel but become more or less permanently 
lodged in the tissues, stimulating a foreign-body reaction, vdth the end result of 
mihary pseudo-tubercle formation. This development is much more pronounced 
in schistosomiasis japonica than in scliistosomiasis mansoni because of the much 
greater fecundity of the female 5 . japonicum and possibly also because of the more 
abundant secretion of irritating glandular substances by the mature larva of S. 
japonicum inside the trapped egg, which ooze through the shell and provoke ver3'- 
rapid host-ceU infiltration. The organs and tissues most seriously involved are 
the intestine, liver and mesenter3f. 

Healing of the patent hemorrhagic lesions in the intestinal mucosa occurs as 
fewer eggs escape from the intestinal wall and increasing numbers become 
trapped in pseudo-tubercles. The wall becomes thickened, fibrosed, loses its tone 
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and has greatly diminished digestive function. Thus indigestion and dyspepsia 
increase, and constipation becomes marked, to be interrapted on occasions when 
dietarj" indiscretion and physical actmty break do^^m the healing process and 
cause episodes of diarrhea and dj’senteiy. Acute or subacute appendicitis of 
schistosomiasis etiologj' is relatively common. Palpation of the abdomen usually 
demonstrates a thickened, non-rcsilient colon, wHle proctoscopic examination 
frequently reveals cicatricial tissue and papillomata in the sigmoid and rectum. 
Prolapsus recti may occur and an associated carcinoma of the colon may develop. 

Meanwhile an increasing number of eggs arc carried in the mesenteric-portal 
blood into the liver and become lodged in periportal tissues. Within one to two 
yeare after exposure the lir’er begins to shrink, its edges are more rounded and its 
surface, as indicated by palpation, is studded by multiple minute tubercles. As 
the liver decreases in size due to the developing fibrosis, the spleen enlarges, until 
it reaches the umbilicus or at times even to the left of the sjnnphj^sis pubis. This 
splenomegal}’- is due both to inflammation and to engorgement with blood. The 
increase in mass of the abdominal \nscera causes a markedly protuberant ab- 
domen, an elevation of the diaphragm and reduced \ital capacity. Infiltration 
of eggs in the mesentery’- transforms it into a firm band which at times tends to 
bind down the abdominal \nscera transversely into an upper and a lower half. 
As a result of the developing periportal cirrhosis, occasional^'' supplemented by 
thrombi around wonns in the portal vessel, increasing difficulty is experienced 
by the mesenteric blood in passing through the liver. Sometimes collateral cir- 
culation satisfactorily absorbs this burden but usually as the later chronic stage 
is entered ascites becomes more and more conspicuous. In these patients the 
superficial abdominal veins become prominent, the abdomen assumes the shape 
of a greatW distended, inverted gourd, the chest, face and extremities become 
greatly emaciated, the sldn becomes parchment-like and there is a pathetic he- 
patic facies. 

Although the evening elevation of temperature may continue, the blood picture 
has changed from an eosinophilic leukocjdosis to a neutropenia 'with moderate 
lymphocytosis and slight eosinophilia. At times there is a marked secondary 
anemia. 

The late chronic stage of schistosomiasis japonica may appear in heavy infec- 
tions within a year and a half or two years after exposure; more frequently it is 
observed in four to five years. In native populations in endemic areas it is rela- 
tively uncommon to find an individual who has the disease developing from a 
single inoculation. The average patient gives a history of repeated exposure, so 
that the symptoms and physical findings are those of early and advanced stages 
combined. 

No infections of schistosomiasis contracted by American or Australian military 
detachments in the Philippine Islands have had manifestations suggesting that 
significant chronic lesions had begun to develop, even up to 12 months after 
exposure. Possibly this is due to the treatment of all active cases of the disease 
with at least one course of antimony, wliich has greatly retarded the progress of 
the pathological process . In the undiagnosed mild or subclinical cases the change 
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from egg extrusion to tissue repair is gradual and therefore clinically not conspic- 
uous. It is conceivable that in unti'cated or inadequately treated patients e^’i- 
dcnccs of chronicity will become apparent in five to ten years. 

vScvcral hundred cases of chronic schistosomiasis have been observed and 
several dozen liavc been examined by the Commi.ssion on Schistosomiasis during 
its stay in the Philippines. Because there arc already good descriptions of typical 
cases of this stage in the Western litcnaturc (24, 30, 31), it would be repetitious 
to give a full clinical account of the cases observed in the Philippines. The report 
on patients suffering from chronic schistosomiasis will therefore be confined to 
one family group studied by three members of the Commission (E. C. F., W. H. 
W., and D. B. McM.) on Mindanao. 

FAMIUIAL SCniSTOSOHIASlS JAPONICA ON AtIND.VNAO, V. I. 

This report concerns the development of schistosomiasis japonica in a family 
gi'oup who had lived for one year in a newly discovered endemic focus of the 
disease, an upland valley at the southwestern base of Mt. Capestrano in north 
central Mindanao. Before the Japanese invasion in 1942 more than one hundred 
people had resided in the area. Each family cultivated a small rice and vegetable 
farm, and possessed a few domestic animals, as chickens, dogs, cats, pigs and 
carabaos. Running water was used for irrigating the rice fields. Only water 
from shallow wells was used for bathing and washing of clothes, but children and 
adults waded in streams to catch fish and snails for food. 

The family consisted of eight li\nng members, the father (43 yearn old), mother 
(34 years old), twin daughters (13 years old) and four sons (aged 11, 9, 6, and 4 
years). The eldest boy had been killed by Japanese snipers two j’^ears pre^^ousl 3 ^ 
For a period of thirteen 3 'eai's the family had lived in the town of hlalaybalay, 
some few miles from the disease-producing area, and without exception had been 
healthy. In January, 1942 thej’’ moved to their farm in Barrio Sima 5 ’’a as a 
means of Kvelihood and remained there for just one j’^ear, w'hen they and their 
neighbors were driven into the hills by the enemy forces. At the time the group 
was questioned and examined (July, 1945) they were still refugees in the 
provincial capital of Valencia. None of them had ventured back to their home 
because Japanese troops were still in the valley and were resisting Filipino 
guerrilla forces. 

Contact ■with members of the family was made a't the recently rehabilitated 
Valencia Ci'vdlian Hospital, onemile from an American Evacuation Hospital. The 
mother was assisting as clerk and practical nurse and the children were all vdthin 
call. The father was worlcing some distance away. All were bright, intelligent 
Filipinos and spoke English fairly fluently. The tvdn daughters were quite 
pretty and very well mannered, and the sons were well behaved. Questioning, 
physical examination and intradermal tests were conducted at the Cmlian Hos- 
pital, while blood and stool examinations were carried out at the Evacuation 
Hospital where better facilities were pro-vided. 

Sincere thanks are extended to Col. C. G. Blitch, M.C., U.S.A., Major Claude 
C. Curtis, M.C., A.U.S., Capt. Ernest B. Freshman, M.C., A.XJ.S., and Capt. 
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Colin jMacCiae, JM.C., A.U.S., as well as Tech. Rgt. Ray L. Williams, T3 Don 
Ludington and T-1 Max W. Ilorabeak, all of tlic Evacuation Hospital, and Dr. 
Apacible, Snpt. of the Civilian Hospital, for many courtesies and timely assist- 
ance. T3 P. M, Bauman of the Commission assisted in laboratory examinations. 

From careful questioning it seems altogether probable that the infection was 
picked up by repeated small exposures, so that over a period of not more than one 
year in the endemic area it had developed to appreciable proportions. One of 
the twin daughters, then ten years old, fiist became ill about tno months after 
first possible exposuie, with dysentery, evening rise in temperature and general 
malaise. The father and the second daughter followed a fen days later and the 





Mother and Six Living Children or Family Studied at Yaldnci v Civilian Hospital 
A ll members had schistosomiasis japonica 


brothers in turn a few months to a year and a half later. All of these indiHduals 
had essentially the same type of onset. The mother had evening attacks of fever 
but never had loose stools. The fever was regarded as tropical malaria but re- 
mained untreated because no antimalarial dnigs were available. Except for 
intermittent episodes of dysenteiy and fever the physical condition of all of the 
famity improved somewhat after they took to hiding in the hills, in spite of the 
fact that their food was scant and veiy uncertain. 

hlanj" other persons from the same vallej’’ had the same disease and some were 
stated to have succumbed to it. Three membere of the Commission on Schisto- 
somiasis (E. C. F., W. H. W. and D. B. hlcAI.), in consultation with medical 
officers of the Evacuation Hospital, were able to confirm these reports by diagno- 
sis of schistosomiasis in several sick pemons who had lived in the same localitj'. 
Four deaths of native patients as a result of the disease had occurred in 
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the Evacuation Hospital from a few v’ceks to a few days before arrival of the 
Commission. 


PROTOCOL OF THE DISEASE IN THE FAMILY 

1. Father. No physical examination, intradcrmal test, formol-gel test or per- 
sonal questioning were possible becaii.se lie was working at some distance from 
Valencia. His Avife stated that he had the same history of dj'sentery and fcA'er 
as his daughters (see beloAv). Thick blood film Avas negatiA'e for malaria para- 
sites. Stool Avas positive for eggs of Schistosoma japonicum and hookworm 
(direct film). 

Diagnosis: RelatiA’^ely mild chronic schistosomiasis and hookAA'orm infection. 

2. Mother. There Avas a history of chronic evening chills and fever. She 
tried to get her dail.y Avork done before evening because of this circumstance. She 
Avas thin, almost emaciated, but A^ery intelligent and cooperative and was doing 
eveiything possible to help her family and her natiA'e jieople. 

Physical examination rcAmaled abnormalities only in the abdomen: it Avas 
slightl}'- enlarged but not protuberant; the parietal tissues Avere soft and thin, 
Avith practically no subcutaneous fat. The liver extended about 2 cms. below 
the costal margin, Avas firm and its surface Avas slightly rough. The spleen Avas 
not palpable on deep inspiration. A regional ileitis Avas clearly demonstrated and 
the transverse colon was thickened, hardened, tender and moAmble. 

Blood: rbc, 4,150,000; I-I1 d, 70; Avbc, 9,800; segmented neutrophils 67, stabs 4, 
eosinophils 9, lymphocytes 16, monocytes 4. Thick blood film negative for 
malaria parasites. 

Stool: one specimen aa^s negative for eggs of S.japonicinn, another positiA'e hy 
direct film. HookAvorm eggs AA’ere numerous in both films. Intradermal test, 
+ ; formol-gel test, + . 

Diagnosis: Schistosomiasis japonica, mild chronic condition, inAmh’ing pri- 
marily segments of the ileum and the transA’^erse colon, complicated bj’^ 
moderately seA'^ere hookAvorm infection. 

3. Rebecca (13 yrs. old). She AA^as the first member of the famil}’- to develop 
clinical manifestations, Avith a discharge of bloody mucus and at times pure blood 
in the stool. About a 5 '^ear ago she had eA'ening feA'-er. Dysentery still occurs 
periodically, and late afternoon feA’-er persists. She has a poor appetite. She 
does household AVork, as cooking and washing, although she tires easity. Child- 
hood diseases included only measles and chickenpox. 

Physical examination: A bright, pretty, A^eiy Avell mannered, fairly AA'ell nour- 
ished adolescent; she is about 54 inches tall and AA^eighs about 65 pounds. Her 
mouth and teeth are in splendid condition. All superficial Ijonph glands are 
normal in size and consistency. The muscle tone is good. Pulse, 78 ; good heart 
tone, but AAuth accentuated Po; lungs clear. There is a prominent left upper 
abdominal quadrant (fig. 1) due to a large, firm, tender spleen, AA’hich is A^ery 
painful to palpation and extends to one cm. beloAv the left iliac crest and 
posteriorly. The liver extends 3.5 cm. beloAV the costal margin; it is A’^ery tender, 
but not especially firm ; the caurdate lobe is not A'^eiy prominent. The abdomen is 
soft, only slightly protuberant and gives a feeling of primary peritonitis. 
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Blood: rbc, 4,700,000; Hb 85; wbc, 14,900; segmented neutrophils 56, stabs 3, 
eosinophils 7, lymphocytes 31, monocytes 3. Thick blood film negative for 
malaria parasites. Intradermal test, + ; formol-gel test, + + + + . 

Stool: positive for eggs of S. japonmim and hookv'orm (direct film). 

Diag7iosis: Severe early chronic schistosomiasis japonica, complicated with 
hookworm infection. 

4. . Cleofa (13 jors.). She developed clinical manifestations, including chills and 
evening fever, with blood and mucus in her stool, at the same time as her father 
and shortly after her twin sister became ill. At the present time she states that 
she does not feel particularly sick but is not strong, tires easily and has an evening 
fever. As a small child she had measles, chickenpox and whooping cough. 



(Fig. 1, Rebecca; fig. 2, Cleofa.) Differences between solid and dotted lines indicate 

abnormal changes in contour 

Physical examination: A bright, almost beautiful girl, well nourished; is 
starting to mature and has the typical adolescent reaction to physical contact; 
she is about 53 inches taU and weighs about 63 pounds. Her mouth and teeth 
are in splendid condition. All superficial lymph glands are normal in size and 
consistency. The muscle tone is good. Pulse 77 ; good heart tone; l^gs clear. 
The liver is enlarged to 2 cm. below the umbilicus (fig. 2), is smooth, with a sharp 
edge, not tender on palpation. The spleen is enlarged 5.5 cm. below the costa 

margin, has a rather soft consistencj’’, and is painful. The abdomen is soft. 

Blood: rbc, 4,280,000; Hb, 80; wbc, 14,200; segmenting neutrophils 5, stabs 4, 
eosinophils 9, lymphocytes 32, monocjdes 4. Thick blood film negathe or 
malaria parasites. Intradermal test, negative; formol-gel test, -}-++4-- 
Stool: positive for eggs of S. japonicum and hookv’onn (direct film) 
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eosinophils 15, lymphocytes 32, monoc 3 i;es 2. Thick blood films negative for 
malaria parasites. Intradermal test, + ; formol-gel test, ± . 

Siool: Positive for eggs of S. japonicum and hookworm (direct film). 

Diagjiosis; Moderately severe early chronic stage of schistosomiasis japonica, 
complicated vith hookworm infection and malnutrition. 

8. Rogelio (4 yrs.). He became noticeably ill about one year ago, the last of 
the family to develop the characteristic evening fever, diarrhea and dysentery. 
There has been a periodic repetition of these episodes about eveiy two weeks. At 
present he is relatively free of symptoms, has a good appetite and plays vith con- 
siderable energy. 

Physical ezamimlion': He is well nourished, cheerful and very active; he is 
about 36 inches tall and weighs about 32 pounds. The head and neck show nor- 



Fio. 5 Fio. 6 

Fxas. 5 AND 6. Explanation as in Figs. 1 and 2 
(Fig. 6, Camilio; fig. 6, Rogelio) 


mal relations. The mouth is normal. There is no nuchal rigidity. Pulse 72 ; 
heart sounds of good quality; lungs clear. The superficial lymph glands are 
normal except both right and left epitrochlears, which are enlarged. The abdo- 
men is not protuberant. The liver (fig. 6) is enlarged about 2.5 cm. below the 
costal margin and has a distinct caudate lobe; it extends upwards to the sixth 
anterior interspace; it is smooth, fairly firm, with slightly rounded edges. The 
spleen is barely palpable on deep inspiration. 

Blood: rbc, 4,450,000; Hb 70; wbc, 15,300; segmenting neutrophils 43, stabs 5, 
eosinophils 17, lymphocytes 32, monocytes 3. Thick blood film negative for 
malaria. Intradermal test, negative; formol-gel, 

Stool: Positive for eggs of S. japonicum and hookworm (direct film). 

Diagnosis: Active, rather mild, late acute or incipient chronic stage of sclusto- 
somiasis japonica, complicated with hoolcworm infection. 
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ADDITIONAL CASES FROM THE SAME LOCALITY 

This group includes a young man of 17 years, with physical findings of mesen- 
teric and peritoneal involvement suggesting peritoneal tuberculosis, a very 
tender, enlarged, nodular hver, a hard palpable spleen, ascites and prominent 
superficial abdominal veins; three children of another family, including a boy of 
10 years vith severe late chronic infection, a girl of years ivith moderately 
severe early chi’onic infection, and a girl of 7 years yith light chronic infection; 
and a small boy (2 years old with the development of an 8-months-old infant) 
exhibiting a fairly advanced severe infection. The mother of the small child 
states that other children of her family have the same disease. All of the in 
dividuals examined were demonstrated by stool examination to be infected vdth 
S. japonicitm and hookworm. 

DISCUSSION OF THE FAiHLIAL INFECTIONS 

The family of eight were all infected and had acquired the disease within the 
the limits of one year (1942). Had they remained in the town of Malaybalay, 
where they had resided for seventeen years previously, they would undoubtedly 
have escaped the infection. Had they lived longer on their farm, they would 
have been subjected to additional exposure and would in all probabihty have 
exhibited more severe S3rmptoms, vith an acute state of the disease superimposed 
on the chronic condition of the disease previously contracted. 

The sequence of onset in the family is interesting and instructive. The father 
and tvin sisters came down first, followed in succession by the four boys in the 
order of their ages. The youngest boy was only 2 years old when the family 
escaped to the hills, and had been subject to exposure for only a short time. The 
eleven- and nine-year-old boys have the most severe infection in the family. The 
girl, Cleofa, who is less active than her sister, was possibly exposed onty once and 
has only a slightly more advanced state of the disease than her four-year-old 
brother. The history of the mother’s exposme is uncertain: she possiblj'’ had 
light ex-posure on several occasions. The development- of her infection was ap- 
parently insidious, and her abdominal symptoms are no doubt due to hookworm 
as well as to S.japonicum lesions. 

In contrast to this large family group is the 17-year-old boy with advanced 
chronic schistosomiasis. "ViTiile aU of the six children in the infected family have 
a poor ultimate prognosis if they remain untreated, the advanced portal cirrhosis 
in the one boy indicates that he is alreadj’- beyond the stage of therapeutic help. 
He is tj’pical of the children in endemic areas, who begin to contract the infection 
early in life and by repeated exposure soon acquire an amount sufficient 
to produce profound, irreparable damage to the liver. 

No one of the native cases on Mindanao, and no other Filipino seen by the 
Commission, exhibited nuchal tenderness or rigidity, which were conspicuous 
mamfestations of the acute infection in American militarj’’ personnel. Alore- 
over, except for the youngest boj”^ in the family group, none of the infected persons 
exhibited a significant eosinophilia at the time of examination and even in his 
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case there was a neutropenia, suggesting that the disease had possibly passed its 
acute stage. In general, it is notable that no member of this family had a histoiy 
of severe, prostrating onset, as was experienced by so large a percentage of the 
hospitahzed American military cases. 

The formol-gel test pro\ddes some evidence of the chronicity of the disease. 
In the two girls and the two eldest boys the test was strongly positive; in the 
mother and two youngest boys it was ±. Except for the possible exception of 
the mother this corresponds to the history of exposure and the ph3^sical findings, 
since early cases of infection t3rpicall3'^ give a weak or negative formol-gel test. 

DIFFERENTIAL DIAGNOSIS OF SCHISTOSOMIASIS JAPONICA 

As has been indicated in earlier portions of this study, schistosomiasis japonica 
has three separate consecutive stages in its development, the incubation period, 
acute stage and chronic stage. Each stage has relatively reliable diagnostic 
landmarks, provided the physician is conscious of the possible occurrence of the 
disease in his patients and recognizes the characteristic features at each stage in 
its development. 

Incubation 'period. During the developmental stage there are few trustworthy 
symptoms and findings until towards the latter part of the period. The prickling 
dermatitis which develops in some exposed individuals a few hours after contact 
with infested water is not easily differentiated from a dozen other types of tran- 
sient dermatitis which are so prevalent in endemic areas. The pulmonaiy in- 
volvement may escape notice entirely or be regarded as a “bronchial” cold. The 
development of urticaria may be a manifestation of food sensitization, or may be 
diagnosed as a form of angioneurotic edema. The malaise and daily fever may 
suggest undulant fever, chronic falciparum malaria or a mild toxic state of un- 
determined etiology. The abdominal fullness and epigastric distress ma3'' be 
tentatively regarded as incipient t3Tphoid fever, the hepatic enlargement and 
tenderness as infectious hepatitis, leptospirosis or amebic hepatitis, and the pro- 
dromal mucous diarrhea as early amebic colitis. Only when the temperature 
curve is studied and found to have a consistent rise each evening and the blood 
picture indicates a significant eosinophilic leukoc3dosis can most of these possible 
etiologies be eliminated as the primary or exclusive cause of the illness. 

Nevertheless, experience has shown that pneumonia, pulmonary tuberculosis, 
single or multiple intestinal helminthiasis, amebic colitis or hepatitis, bacillary 
dysentery, t3nphoid fever, undulant fever, infectious hepatitis, malaria, and other 
infectious diseases are frequently associated with schistosomiasis japonica, so 
so that these compheations at times obscure the developing s3mdrome. A clear 
history of wading, swimming or otherwise exposing the skin or mucous 
membranes to untreated water in known endemic areas strengthens the suspicion, 
but malaise, abdominal distress, diarrhea and eosinophilia have been used as a 
basis for clinical diagnosis when the subsequent history of the patient fails to 
support this view. Specific confirmation of a tentative clinical diagnosis can be 
obtained only when eggs of the parasite are discharged by the female worm and 
are evacuated in the stool. This comes at the end of the incubation period. 
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The acute stage. In this stage the dominating symptoms and findings are ab- 
dominal. They frequently involve fullness and tenderness of the entire abdomen 
and may suggest an acute abdomen or peritonitis. At times there is an appendi- 
ceal syndrome; again it may be an ileitis or involvement of the transverse colon 
which predominates. Usually there is an accompanying enlargement of the 
liver, extending below the costal margin and upwards to cause the diaphragm to 
bulge into the pleural cavity. There is usuall}'^ tenderness in the right hypochon- 
driac region and acute pain on palpation or percussion of the liver. Amebic 
cohtis vdth hepatic extension is a reasonable diagnosis which might be made at 
this time but, as in the late stage of the incubation period, a study of the fever 
chart and the blood picture indicates that this is not tenable. Moreover, in any 
patient who is moderately to severely ill during this stage, eggs can usually be 
recovered vdthout difficulty in the bloody-mucus portion of the stool, thus clinch- 
ing the diagnosis. Finally, proctoscopic examination of a patient with uncom- 
plicated schistosomiasis japonica will show that the lower sigmoid colon and 
rectum never show the lesions indicative of amebic or bacillary cohtis but minute 
yellowish nodules or injected capillaries, samphngs from which will usually pro- 
vide demonstration of typical Schistosoma japonicum eggs. A positive intrader- 
mal test is also relatively confirmatory in the presence of the characteristic chnical 
findings. 

The chronic stage. If this stage is uncomphcated either by an earher stage of 
schistosomiasis or by a disease of other etiology, there is clear evidence of a pro- 
gressive fibrosis of the bowel together with periportal cirrhosis. At first the liver 
is enlarged and remains tender, due to continued inflammation, but gradually it 
becomes fibrosed, with mihary pseudo-tubercles studding its surface, and begins 
p to shrink. Reciprocally, the spleen enlarges as a result of congestion and the 
eventual fibrosis of its trabeculae. As a result of the fibrosis or thrombosis in 
the portal vessel ascites develops and the superficial abdominal veins become dis- 
tended. The mesentery becomes involved in the fibrotic process and may bind 
down the abdominal viscera. Thus, the picture during this period is one of 
rapidly or gradually developing fibrosis of the intestine, liver and mesentery. 

The daily rise in temperature in the evening tends to persist and there is 
usually a slight eosinophilia, although the total white blood cells are reduced 
and the l3Tnphocytes relatively increased. 

Whatever the other symptoms and findings may be, those due to hepatic cir- 
rhosis are predominant. Thus, the general diagnosis is settled but the etiology must 
be discovered. In most instances the eggs of S. japonicum can be recovered in 
the stool, at times only after sedimentation or other good concentration techmcs. 
Occasionally biopsy of papillomatous grovdh in the rectum will provide the 
specific evidence when several stool specimens have been negative. The formol- 
■gel test is t 3 q)ically positive. The only other disease in which this test is consis- 
tently positive is kala-azar, a disease in which there are hepatomegaly and spleno- 
megaly but without portal cirrhosis and ascites. 

Complications. These may occur at any stage in schistosomiasis japonica. 
The most confusing complications resulting from the disease itself are due to the 



no 


FATJST, WRIGHT, MCMULLEN AND HUNTER 


escape of eggs during the acute stage and their deposition in foci far removed 
from the abdominal viscera. Thus, pulmonary, end-arteriolar, cutaneous and 
neurological manifestations must be considered as possible extensions of the 
disease when schistosomiasis japonica exists. 

SUMMARY 

Schistosomiasis japonica is a disease which has been known clinically for a 
century and its etiology has been understood for nearly half a century. Its 
present importance has resulted from exposure of several hundred American and 
Australian troops on Leyte, Philippine Islands from October 20, 1944 through 
the winter and early spring of 1945. 

Three stages of the disease are recognized, incubation, acute and chronic. 
There has been a paucity of observations on patients during the incubation 
period because in native populations in endemic areas the infected individuals 
seldom see physicians until the disease is well advanced. Each of the three stages 
is considered; native and mihtaiy case histories are utihzed to provide a relatively 
full picture of the clinical progress of the disease from the time of exposure 
until the late chronic condition has been attained. A special report is included 
on this infection in a family group of eight, from a newly discovered endemic 
focus on Mindanao, P. I. 

The differential diagnosis of schistosomiasis japonica is discussed for each of 
its three stages of development. "^Tiile there are certain relatively character- 
istic symptoms, signs and physical findings at each stage of the disease, it is 
frequently hazardous to depend on these findings alone. Kecoveiy of the eggs 
of the etiological agent, Schistoso7na japonicum, constitutes the only method 
known of specific diagnosis. Since the eggs are not deposited until the worms ^ 
mature, only tentative diagnosis can be made during the incubation period. 
They are easily recovered in moderate to heavy infections during the acute stage, 
but as the chronic stage progresses they are discharged into the lumen of the 
bowel in increasingly smaller numbers. During this later period considerable 
diligence may be required to obtain egg confirmation of the clinical diagnosis. 
The intradermal test or formol-gel test add strength to a presumptive diagnosis. 
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THE DIAGNOSIS OF SCHISTOSOMIASIS JAPONICA 


II. The Diagnostic Characteristics of the Eggs of the Etiologic Agent 

Schistosoma japonicum 

ERNEST CARROLL FAUST' 

INTRODUCTION 

In u previous communication from the Commission on Schistosomiasis (1) in- 
formation has been presented on the .s 3 'mptoms, signs and plij-^sical findings char- 
acteristic of schistosomiasis japonica at difl'erent stages in the development of the 
disease. The pre.?ent paper deals vith the characteristics of the eggs of S. 
japonicum obtained from human and animal hosts. The importance of the sub- 
ject is indicated b.v the fact that while typical, viable, mature eggs of this parasite 
are readilj- diagnosed b.y clinical laboratorv workers once they have seen the 
eggs, immature and degenerate eggs arc not alwa.ys recognized as belonging to 
this parasite and plant-cell artefacts in feces are at times mistaken for “atypical 
eggs”. 

The adult Schistosoma japonicum lives in the mesenteric-portal venous circu- 
lation, A’eiy frequently' in the mesenteric venules within the muscular and 
mucous laj'ers of the small intestine, cecum, appendix and colon. In these 
locations the delicate female is held in jiosition in the venule bj' the stouter male, 
nith her anterior end directed towards the mesenteric capillaiy. She laj's one 
egg after another in advance of her head until an entire venule is filled with eggs. 
Then the pair of worms back up and advance into an adjacent venule, in which 
oviposition is repeated. Thus, in a period of days or weeks all of the small 
venules in the viemitj' of a mated pair maj' become packed with eggs. 

Even though the newlj' deposited eggs are immature, they' are considerably 
larger than the normal diameter of the venule, causing it to distend where each 
egg is lay'ed but with constriction of the vessel between each two eggs. In this 
waj' the flow from the mesenteric arterioles through the capillaries is blocked. 
Once deposited, the majority of the eggs mature rapidly and the larva (miracid- 
iiun) inside each egg secretes cj'tolytic fluids which ooze out through submicro- 
scopic pores in the egg-shell and cause the delicate wall of the venule to be weak- 
ened. The back pressure in the blood vessel, the lytic action of the fluid 
secreted bj' the maturing larva and the peristaltic movement of the bowel com- 
bine to cause rupture of the blood vessel and filtration of the eggs, together with 
extravasated blood, through the submucous and mucous coats of the bowel into 
the lumen. The mature eggs, less frequently the immature ones, are carried 
do^m the bowel and are evacuated in the stool. 

Little by little, as the female worms continue to oviposit into mesenteric ven- 
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ules and the eggs escape from the veins, tissue reaction develops around each egg 
in the foim of a pseudo-abscess. If the pseudo-abscesses are near the lumen of 
the bowel thej^ may be e.\-pelled in toio, or a portion of the adventitia may be 
discharged With an egg. 

At times immature or mature eggs degenerate, and even become calcified 
before they are evacuated from the tissues. Moi'eover, more deepty buried 
pseudo-abscesses proceed to pseudo-tubercle formation and some of these occa- 
sionally are expelled from the surrounding tissues. Finallj'', in patients under- 
going antimony treatment, the eggs in the perivascular tissues and those ndthin 
the venules gradually undergo degenerative changes, so that they become in- 
creasingb'^ atypical in appearance. 



Photomickograph 1. Shell of Schistosoma japonicum Egg from Which Miracidium 

Has Recently Hatched 

Recovei'ed from sedimented feces ten hours after sedimentation had been completed. 
Free-swimming miracidia were abundant in the top of the supernatant water. X350. 

Thus, accurate diagnosis of the eggs of Schistosoina japonicuvi, like those of 
the related species S. mansoiii and S. haematohixan^ requires recognition not only 
of the typical mature eggs but also of the immature and degenerate types. 

In this paper representatives of these several stages are described and illus- 
trated. All observations have been made first on liwng specimens, checked at 
times by intra-A'ital cresyl blue staining and formalin-preserved material. 

VIABLE EGGS 

Immainre crjgs. These eggs are commonly found witliin the mesenteifc venule 
and in lesser numbers filtering through the perivasular tissues, but. in case ex- 
tensive hemorrhage from the blood A’^essels occurs they aie dischaiged into the 
intestinal lumen and appear in the stool. 
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The earliest stage obsen’’ed in hosts’ excreta (fig. 1) was obtained from the 
bloody mucus of a heavily infected dog. It is biconvex like the shell of a rather 
flat clam, measures 58 by 44 microns and has a noticeable wart-like thickening 
near one end at the ate where an abbreviated spine is sometimes seen. It is 
slightly asymmetrical. Internally there is a delicately granular, flattened, 
fertilized ovum, surroimded by more heavily granular, denser yolk material 
which extends to the inner margin of the shell. The next stage, which was found 
in the stool of the same host (fig. 2), is about the same size (60 by 48 microns) 
but is more S 3 unmetrically oval. The egg cell is more nearly rotund but the first 
cleavage has not yet taken place. 

Distinct internal development is noted in Figure 3. Here the egg is appre- 
ciably larger (70 by 52 microns), is beginning to assume a definite roundness in 
transverse diameter and has an embryo with approximately sixteen blastomeres- 
Moreover, the yolk material is beginning to disintegrate as the embryo makes 
use of the stored-up nourishment. The shell is still comparatively unstretched 
and has a definite lateral wart-like thickening at one end. Although the egg 
pictured in Figure 4 is slightly smaller than that in Figure 3 (66 by 50 microns), 
there are three indications of additional development, namely the embryo is 
now an advanced gastrula-like organism, the yolk material has entirely dis- 
appeared and the shell is appreciably thinner. 

In Figure 5 the embryo inside the shell is be^ning to assume the contour 
of the mature larva, although cilia and internal organs have not yet appeared. 
The length is approximately that of a mature egg (86 microns) even though the 
transverse diameter is still comparatively rather narrow, and metabolites of the 
rapidly growing embryo are accumulating as minute granules and semi-trans- 
lucent masses between the embryo and the shell. 

Mature eggs. Figures 6 to 13 illustrate typical mature eggs, with distinctly 
visible cilia which are frequently in motion. These eggs vary in size from 86 x 
70 microns (fig. 8) to 97 x 72 (fig. 9), 99 x 78 (fig. 7) and 82 x 80 microns (fig. 11), 
depending in part on the intrinsic size of the particular egg and in part on the 
stretching of the shell that has occurred as a result of the activity of the fully 
developed motile larva within. Emphasis has been placed on the intrinsic size 
of the egg, since fully mature eggs with motile larvae (miracidia) have been ob- 
served w'hich are no larger than half-developed eggs (see fig. 4), and others have 
been measured w'hich have giant proportions (i.e., 150 x 122 microns). Viable 
eggs ready to hatch are typically broadly ovoidal (figs. 6-10) but they may be 
almost spherical (fig. H). 

At tunes the only visible activity of the mature viable miracidium is the beating 
of the cilia of the four flame cells within its body (figs. 8, 9, 11); at other times 
there may be energetic w'ave-like action of the cilia which cover the larva. Again, 
the larva may be nervously squirming about mside the shell, in an attempt to 
escape from its prison. Occasionally it turns on itself and completely reverses 
its axis wdthin the shell, although this is not so easy to detect as it is in Schisto- 
soma mansoni, in which the distinct lateral spine serves as a directional landmark. 

In the mature stage of the egg it is frequently possible to observe two types of 
internal glands, both apparently digestive in function. The one tjqie consists of 
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two distinct unicellular glands (figs. 8, 9), with finely granular contents, which 
discharge their secretions on either side of the primitive gut in the anterior papilla. 
The other type consists of a mass of several smaller glands, median and somewhat 
more posterior in position, with semi-opaque contents, which discharge their 
mucous secretions laterally at about the jimction of the anterior and middle 
thirds of the body (fig. 6). Spherical and elongate masses of these tend to ac- 
cumulate between the larva and the shell (figs. 6, 8, 9, 11). Since the mucoid 
secretions stain a delicate pink with eosin and similar pink radiations extend out 
from the shell in hematoxylin-eosin-stained fixed tissues in which eggs have been 
trapped, it seems possible, although not directly proven, that it is the mucoid 
secretions which digest the tissues through which the eggs filter out of the mesen- 
teric-portal veins. 

In some mature viable eggs there is a distinct, broad band of granules vfithin 
the shell, which encircle the miracidium just back of the openings of the mucous- 
secreting glands, and hence just behind the last row of curved body cilia (figs. 7, 
9, 10). These bands appear dark brown to blackish in transmitted light under 
the compound microscope, probably due to the opacity of the granules of which 
the bands are composed. Their origin is not clear, but they are not present in 
somewhat immature eggs (fig. 5) or in those having larvae with distinct cilia 
which are not yet motile (fig. 6). 

In unhatched viable mature eggs it is not usually possible to distinguish the 
embryonic, membrane that envelopes the larva up to the time it escapes from the 
shell and becomes .a free-swimming organism. 

Most of the eggs containing active larvae (figs. 6, 7, 10, 11) have an agglomer- 
ated coating of neutrophilic and eosinophilic leukocytes, necrotic tissue cells, 
granules and minute globules. This is interpreted as being due to the secretions 
of the miracidia which ooze out through minute pores in the shell, temporarily 
“glue” small cellular elements to the shell and perhaps attract phagocytic cells. 
This adventitious coating is rather characteristic of the mature, viable egg which 
is evacuated in the stool. Shaking of such eggs vigorously in a 5 per cent solu- 
tion of sodium sulphate dissolves the surrounding layer of cells and leaves the 
shell smooth and glistening. 

Occasionally an egg with motile miracidium will be discharged from the in- 

Figs. 1-4. 'Successive early stages in the development of the egg of S. japonicum; figs" 

1 and 2 from dog’s feces, figs. 3 and 4 from human feces. X500. 

Fig. 5. Slightly immature egg of S. japonicum, from human feces. X500. 

Figs. 6-13. Mature, viable eggs of <S. japonicum; figs. 6, 7, 10 and 11 from human stool, 
figs. 8, 9, 13 from dog’s stool. X500. Note: figs. 7, 9 and 10 each have transverse bands of 
semi-opaque granules surrounding the second fifth of the miracidium; the egg in fig. 12 is 
encased in a pseudo-abscess, that in fig. 13 in a pseudo-tubercle. 

Figs. 14-23. Different types and stages of degenerate and dead eggs of 5. japonicum. 
X600. Figs. 14, 15 and 17, degenerate eggs which have never started to mature; figs. 16, 
18, 19, 20, half mature to nearly mature dead eggs on the thirteenth day of fuadin treat- 
ment; figs. 21-23, dead mature eggs on the thirteenth day of fuadin treatment. 

Fig. 24. Mature, completely calcified egg of jS.iaponfcnm from human stool. X500. 

Fig. 25. Small fleck of intestinal mucus from man containing several trapped eggs of S. 
japonicum. X125. 

Fig. 26. Representative spines and protuberances from eggs of jS. japonicum, recovered 
frum human and dog’s stools, Leyte, P. I. X ca 1000. 
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testinal wall within a thick pseudo-abscess (fig. 12) or even pseudo-tubercle 
(fig. 13), which has been forced in toto out of the tissues. The structure appears 
as an xmhusked walnut or coconut shell and has an overall measurement consider- 
ably in excess of the mature egg. 

I DEGENEEATE EGGS 

Immatxire eggs. In the stools of both human and dog hosts many types and 
stages of degenerate immature eggs of S. japonicum have been observed, from 
early fertile but unsegmented stages (figs. 14, 15) to dead eggs which have pai’ti- 
ally or almost completely developed (figs. 16, 18, 19, 20). Similarly, several 
types of degenerate infertile eggs have been observed, of which figure 17 is rather 
typical. The degenerate eggs may be partially calcified (fig. 14) or completely 
calcified (fig. 17), either naked when found in the stool or enveloped in a rel- 
atively thick tissue capsule (figs. 16, 18, 19). 

Mature eggs. Mature eggs are frequently killed as a result of their entrapment in 
pseudo-tuberclesT They may show the normal contour of the miracidium, and 
even still possess distinct cilia (figs. 20, 21, 22); or they may have become com- 
pletely calcified (fig. 24) so that they retain only the outline of the shell as the one 
identifjdng character. These stages are particularly difficult to identify, yet 
they have been observed in considerable numbers, with and without association 
with normal mature eggs, in the stools of patients having chronic schistosomiasis. 
All of these stages, as well as "stiII-boni”miracidia (fig. 23), have also been found 
in stools of infected patients undergoing antimony treatment. 

NESTS OP MUCUS-TBAPPED EGGS 

In stools containing flecks or shreds of mucus, with or wthout macroscopic 
evidence of blood, eggs of Schisiosonia japonieuxn may be trapped in considerable 
numbers (fig. 25). They may be so masked by imdigested plant cell elements 
which are also entangled in the mucus that accurate identification of the eggs is 
difficult. Moreover, in such instances there may be very few eggs in the fecal 
portion of the stool, so that it is particularly desirable to free the suspected eggs 
from the mucus in order to facilitate diagnosis. This can usually be accomplished 
by vigorously shaking the mucus elements of the stool in a test tube with a 5 per 
cent solution of sodium sulphate, which 'will separate the eggs from the mucus 
without damaging their diagnostic characteristics. 

EGGS IN INTESTINAL “nODULES” AND IN DILATED INTESTINAL CAPILLAKIES 

While careful search of the stools of infected persons ivill usually be rewarded 
by the recovery of diagnosable eggs of S.japonicum, particularly if concentration 
technics are employed, there is the occasional case vith negative stools in which 
proctoscopy reveals minute pinpoint nodules, which are creamy or light yelloivish 
in color in contrast to the normal pink of the intestinal mucosa. Even during 
the acute stage of schistosomiasis japonica one or more of these nodules may be 
visualized just above the sigmoido-rectal junction or immediately below that 
level. Biopsy of this nodule reveals a rather hard nucleus in which several eggs 
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of S. japonicum are nested. These nodules are seen proctoscopically in a certain 
proportion of individuals whose stools are positive for S. japonicum eggs, but 
their particular diagnostic usefulness is in the patient whose stools have been 
consistently negative. 

In S. japonicum patients having no proctoscopic evidence of so-called “typical 
yellow nodules” localized or generalized dilation of the intestinal capillaries may 
sometimes be seen, vlth a diffuse hj^peremia of the lower colonic and rectal 
mucosa. An attempt at aspiration vdll usually produce rupture of the wall of 
the capiUarj’’ and the microscopic specimen of blood in the aspirate will possibly 
contain one to several viable eggs. These may be immature but more frequently 
contain motile miracidia. 


EGG SHELLS 

I^Tien sedimentation or other egg-hatching technic has been employed to 
obtain free-swimming miracida of »S.yapontcttm, microscopic films of the sediment 
contain typical egg-shells, vdth a slit on one side, through which the miracidium 
has escaped. These shells are diagnostically useful and in the absence of whole 
eggs may be reUed on for accurate diagnosis of the infection (see photomicro- 
graph 1). 


SHELL SPINE OR PROTUBERANCE 

In immature eggs. Frequently, although not invariably, there is an abbre- 
viated spine or a warty thickening of the shell of S. japonicum on one side near the 
anterior end. If it is present, it is readily observed in distinctly immature eggs 
(figs. 1, 3), since they are biconvex in a dorso-ventrol position. The protuberance 
may be a sharp incuri’'ed spine (figs. 5, 17), an awkwardly projecting minute 
papilla (fig. 14) or merely a slightly raised mound-hke thickening at the site 
(fig. 7). Examination of tens of thousands of immature eggs from S. japonicum 
infections in the Phihppines has demonstrated that the protuberance is even less 
frequently noted in this endemic area than in China and Japan. 

In mature eggs. As the shell of the maturing egg swells and rounds out its 
contour, any spine-like or warty protuberance usually becomes stretched out and 
less evident. Moreover, the shell is much less likely to lie on its ventral or dorsal 
side, so that any thickening is apt to be concealed unless the egg is carefully ro- 
tated on its longitudinal axis to its dorso-ventral position (see fig. 6). 

Following a concentration technic employing sodium sulphate, the accumu- 
lation of cellular debris around the egg-shell of S. japonicum is removed, the shell 
contour becomes smooth as glass and any thickening is much more readily 
discovered. 


DISCUSSION 

This presentation consists of a description of a relatively complete series of 
eggs of Schistosoma japonicum recovered from the stools of the two most com- 
monly infected hosts, man and dog. The viewpoint particularly emphasized 
is the wide range of sizes, shapes, stages of immaturity or maturity, viability or 
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degeneration which the laboratory diagnostician is likely to encounter in exam- 
ining stools of persons harboring this parasite. Previous students of schistosomi- 
asis japonica have described the stages of development from’ fertile egg in utero to 
the viable ones containing motile miracidie (Faust and Meleney, 1924) (2), or 
have utilized as the material for study a series of eggs obtained by scrapings of 
the intestinal mucosa of experimentally infected mice, rabbits, guinea pigs, dogs 
and monkeys (^^ogel, 1942) (3). While an attempt has been made in the present 
paper to provide accurate morphological information both in the text and in the 
illustrations, details of internal structure of the developing or mature miracidium 
have been included only in so far as they can be readily observed by the average 
clinical laboratoiy worker who has had sufficient microscopic training and ex- 
perience to appreciate the differences between immature and mature stages of 
development, and living, dying or degenerate specimens. 

Accurate diagnosis of the eggs of Schistosoma japonicum constitutes the only 
knovm absolute confirmation of the clinical findings in the infection. Recogni- 
tion of immature eggs may allow specific treatment to be undertaken from one 
to several days before typical mature eggs appear in the stool (Vogel, 1942) (3). 
Again, the lightly infected person may be as 3 Tnptomatic or as 3 mdromic and lab- 
oratory diagnosis from routine stool examination may constitute the sole method 
by which the infection is detected. 

In addition to the diagnostic importance per se of the accurate recognition of 
the eggs of this parasite, there is considerable prognostic significance attached to 
the exact stage of the egg recovered from the stool. This is well demonstrated 
in some of the eggs described and illustrated in this paper. One example will be 
cited. 

Stools of a patient were studied daily for a period of several weeks to determine 
the type and quantity of eggs passed in the stools, before, during and immediately 
subsequent to a full course of antimony therapy. Preceding treatment the ma- 
jority of the eggs were fully developed and viable, as determined by hatching 
tests, although a few immature viable ones and occasional calcified ones were also 
recovered. Rarely viable mature eggs were evacuated in pseudo-abscess and 
pseudo-tubercle adventitia. Treatment of the patient consisted of 75 cc. of 
fuadin, administered over a period of 16 days. Almost immediately after treat- 
ment was begun the number of eggs decreased but there was no change in the 
type of egg until the seventh day, when the nxunber of viable eggs began to de- 
crease rapidly and to degenerate, and dead or dying eggs, with larvae in various 
stages of development, became more and more conspicuous. By the twelfth day 
of treatment no living eggs were recovered but dead eggs in quantity were still 
being evacuated. On the fifteenth day there were no eggs recovered by con- 
centration of 9 gms. of formed stool. On the nineteenth day the stool contained 
no dead or degenerate types but concentration of 8 gms. revealed a single, viable, 
immature egg, slightly less advanced than that illustrated in Figure 4. This 
study indicated the almost, but not quite complete success of the treatment, since 
at least one egg-laying female worm had survived the course of antimony. To 
the internist this indicated need for a second course of treatment. Thus the 
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prognostic significance of the laboratorj' findings is of particular importance as 
a guide to the efficiency of therapeutic procedure. 

SUMMARY 

1. This presentation acquaints the clinical microscopist Math the relatively 
complex problem involved in the diagnosis of schistosomiasis japonica in so far 
as recognition of the eggs of the parasite are concerned. 

2. Typical mature Aiable eggs of Schistosoma japonicum are not always found 
in the stools of patients infected with this blood fluke. In their place there may 
be immature eggs, either enable or degenerate, degenerate mature eggs or eggs in 
a pseudo-abscess or pseudo-tubercle capsule which has been enucleated from its 
location in the intestinal wall. 

3. The process of egg la 3 'ing in the mesenteric venules is described, together 
with the escape of the eggs from the venules, their filtration through the submu- 
cous and mucous coats of the intestinal wall and their appearance in flecks and 
strands of mucus and in the feces of the evacuated stool. 

4. Detailed descriptions are proiided of the immature and mature viable eggs, 
immature and mature degenerate eggs, nests of eggs trapped in mucus, eggs 
recovered from intestinal nodules and from dilated intestinal capillaries, egg- 
shells, and the tjqie of spine or protuberance which at times characterizes the 
shell of the egg of 5. japonicum. These stages and tjqies are illustrated by cam- 
era lucida drawings and bj' a photomicrograph. 

5. The diagnostic and prognostic significance of the relative number and types 
of S. japonicum eggs recovered from the stools of patients undergoing treatment 
is indicated hy a representative case in which careful quantitative and quahtative 
study of the eggs w'as made before, during and immediately following a 75 cc. 
course of treatment with fuadin. 
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AN ATTEMPT BY FEEDING TO INDUCE IN ANIMALS REACTIVITY 
TO TRICHINELLA SPIRALIS IN THE ABSENCE OF INFECTION^ 

JOHN W. A\TDIIA, ELLARD M. YOW, M.D., GEORGE T. HARRELL, M.D., and 

ELIZABETH B. FOWLER 

In a pre\nous study it was discovered that a significantly higher incidence of 
positive trichinella skin tests existed among patients confined in tuberculosis 
sanatoria and hospitals for mental disease than among patients in general hospi- 
tals (1). The length of stay in an institution seemed to be significant, since the 
incidence of positive reactions reached a peak in patients who had been confined 
for eighteen to twenty-nine months. Institutional cuisine is notoriouslj’^ poor, 
and trichinosis may be transmitted by the inadequate cooldng of large portions of 
meat, which leaves the center infectious even though the surface appears 
thorougldy done. The possibility of unrecognized subcfinical institutional 
epidemics from this cause was considered, but no confirmatory evidence was 
uncovered. 

It has been shown that the antigen contained in pollens can cross the mucosal 
barrier of the intestinal tract after ingestion, and produce sjTnptoras in allergic 
indi\dduals (2). If the sensitizing antigen can pass the intestinal mucosal bar- 
rier, the ingestion of meat containing killed trichinae might lead to the develop- 
ment of skin sensithity. Cooking adequate to render trichinae non-infectious 
might denature the protein of the parasite, but meat rendered non-infectious by 
freezing could be so incompletely cooked as to leave the antigen unaltered. 
This mechanism might be the explanation for the high incidence of positive 
trichinella skin tests among institutionalized patients. 

The present experiments were undertaken to detennine whether positive trichi- 
nella skin tests could be produced in animals in the absence of infection by the 
the ingestion of lulled tricliinae. 

JU.TEniALS 

Animals 

Forty guinea pigs weighing 250 to 350 gms. were fed a stock diet (Rockland 
guniea pig diet. Vitamin C fortified . Arcady Faims hlilling Co., Chicago, Illinois) 
■with a supplement of green vegetables three times weekl 3 \ The animals were 
kept in indi\ddual cages and were maintained on the diet for two weeks before the 
experiment was begun. 

Thirty-eight rabbits, varying in weight from 2f to 6 pounds, were fed a stock 
diet (Kasco complete rabbit ration, Kasco Food Co., Cincinnati, Ohio) supple- 
mented "with green vegetables daily. The rabbits were di'vided into five groups 
as sho'tt'n in table 1 ; each group "was kept in a separate cage. 

* From the Department of Medicine, Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, North Carolina. 

This study was aided by a grant from the John and Mary R. Markle Foundation. 

Read at the 41st annual meeting of the American Society of Tropical Medicine at Cin- 
cinnati, Ohio, November 12-15, 1945. 
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Albino rats weighing about 100 gm. were fed a stock diet (Rockland rat diet, 
Arcady Fanns Milling Co., Chicago, Illinois). The groups of infected and non- 
infected animals were kept in separate cages. 

Meat 

The strain of TricMnella spiralis was obtained from the National Institute of 
Health and was carried in rats. The density of infection in the diaphragm was 
maintained fairly constantly at 10 to 20 larvae per microscopic field.* 


TABLE 1 


GROUP 

NUM- 
BER OF 
ANIMALS 

MEAT 

NUM- 
BER OF 
FEED- 
INGS 

POSI- 

TIVE 

SKIN 

TESTS 

POSITIVE 

SERUM 

FLOCCULATION 

TESTS 

Guinea pigs 

Ai 

Test group 

6 

Infected, frozen 

16 

0 

0 

A- 

Test group 

5 

Infected, frozen 

1 

0 

0 

Bi 

Test group 

6 

Infected, cooked 

16 

0 

0 

Bj 

Test group 

5 

Infected, cooked 

1 

0 

0 

Cl 

Negative control 

3 

Non-infected, frozen 

16 

0 

0 

c* 

Negative control 

3 

Non-infected, frozen 

1 

0 

0 

D, 

Negative control 

3 

Non-infected, cooked 

16 

0 

0 

D. 

Negative control 

3 

Non-infected, cooked 

1 

0 

0 

E 

Positive control 

6 

Infected, untreated 

2 

5* 

6 doubtful 


Rabbits 


F 

Test group 

11 

Infected, frozen 

39 

1* 

1* 

G 

Test group 

n 

Infected, cooked 

39 

0 

0 

H 

Negative control 

o 

Non-infected, frozen 

39 

0 

0 

I 

Negative control 

H 

Non-infected, cooked 

39 

0 

0 

J 

Positive control 

B 

Infected, untreated 

3 

2* 

2* 


* These animals were subsequently proven to be infected by muscle press or digestion 
technique. 


Non-inf ected rats were starved for two days and then fed 1 gm. of infected rat 
diaphragm. The animals were not fed again until the infected meat had been 
consumed; the stock diet was then resumed. After twenty-one to twenty-eight 
days, the a -ninnals were killed by a blow on the head, skinned, and eviscerated. 
The muscle was stripped from the bone with scissors, and minced; that fed the 
the guinea pigs was placed in a food chopper and ground finely. Meat prepared 
in this manner was fed to groups E and J (table 1) without further treatment, for 
use as a positive control. 

For test groups, A, B, F, and G the ground or minced meat was divided into 
* Muscle press preparations were examined with 12.5X ocular and lOX objective lenses. 
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two portions. One was placed in a covered petri dish ^^'ith two to three table- 
spoonfuls of tap water, and left in an electric hot air sterilizer for one hour at 
G0°C. (3). The second portion of meat was i)laccd in a petri dish and packed in 
dry ice at — 7S°C. (4) for twenty-four houre. Prepared meats were never kept 
longer than one week and were stored in im electric refrigerator at 10°C. 

Non-infected meat to be used as a negative control in groups C, D, H, and I 
was prepared in the same manner from non-infected rats. The diaphragm and 
portions of several skeletal muscles were first examined in the muscle press to be 
sure that no trichinae were present. 

Aiitigcn 

Part- of the diluted antigen used in this .study was supplied by Lcderle Labo- 
oratories, Pearl River, New York, and by the National Institute of Health, 
Bethesda, Maryland. Part of the dried larvae used was furnished by Parke, 
Davis and Co., Detroit, Michigan. The remainder of each was prepared in our 
OUT! laboratory. 

Rabbits were fed trichinae contained in infected rat meat. After eight weeks 
the animals were bled from the car vein and the senrrn was separated for use as 
a positive control in the flocculation tost. The animal was then killed, skinned, 
and eviscerated; the muscle was removed and digested at 37®C. for six hours in a 
solution of 0.7 per cent pepsin and 1 per cent hydrochloric acid (6). The larvae 
were washed repeatedly innormal salineuntil they were biuret-negative; they were 
then dried in a desiccator and powdered. 

For the flocculation test the powdered trichinae were used without further 
treatment. For skin testing a 1 : 200 weight/volume emulsion was made with the 
dried powdered larvae, and was allowed to stand for one week at room tempera- 
ture. The supernatant fluid was then removed, placed in sterile xdals, heated for 
one hour daily on three successive days in a water bath at G0°C., and tested for 
sterility;® 0.04 per cent phenol was added as a preservative. 

METHODS 

Feeding 

Meat was placed in the mouth of the animal with forceps and the animal was 
held xmtil the meat was chewed and swallowed. The guinea pigs were fed J to 1 
gm. of meat on each occasion. Since it is knoun that trichinosis can be induced 
by a single feeding, part of the guinea pigs were fed killed trichinae only once 
(groups As, Bo, Co, Do). The positive control gi’oup (E) was fed t^vice, once at the 
beginning of the experiment and again six Aveeks before the flocculation test Avas 
performed. All other guinea pigs (gi'oups Ai, Bi, Ci, Di,) Avere fed tAvice weekly 
for thirteen feedings and then AA’^ere given three additional feedings over a period 
of three months. 

Each of the rabbits in four groups (F, G, H, I) received approximately 1 gm. 
of meat three times weekly for a period of thirteen Aveeks. The larger number of 

^ Part of the diluted antigen furnished us was sterilized by filtration through a six pound 
Handler filter. 
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feedings was used because the smaller number tried in the guinea pigs had been 
found to be ineffective. The known positive control group of rabbits (group J) 
was fed only three times. 

Skill tests 

In order to avoid the possibility of sensitization, no animals were skin-tested 
before the experiment was begun. Two weeks after the conclusion of the feedings 
the flanks of the animals were chpped and the injections were made the following 
day. Each guinea pig was tested with 1:10,000 and 1:200 tiichinella antigen 
(Lederle). Each rabbit was tested vdth tricbinella antigen in dilutions of 
1:10,000 (Lederle), 1:8,000 (N.I.H.),and 1:200 (Parke, Davis, Lederle, and our 
own). Normal saline was used as a control. The reactions w^ere read at twenty 
minutes and twenty-four and forty-eight hours. All antigens used were found to 
be active and gave positive skin reactions in an infected dog. 

Flocculation tests 

Two weeks after the skin tests were done, the guinea pigs were anesthetized 
with ether and 5 cc. of blood was obtained by cardiac puncture. Only 2 cc. of 
blood was withdrawn from the rabbits — ^in some cases from the ear vein, in others 
from the heart. The serum was separated and inactivated bj'^ being kept at 56°C. 
for thirty minutes. The tests were pei'formed by the technique described by 
Suessenguth and Kline. (6) . As a control, tests were done on known positive and 
known negative sera obtained from guinea pigs and rabbits. A sample of hemo- 
lyzed blood obtained from a non-infected rabbit was also tested in order to de- 
termine whether false positive reactions could occur as a result of hemolysis; this 
gave a negative reaction. 

RESULTS 

Guinea pigs 

The animals in groups A, B, C, and D gained weight to an average of 758 gm. 
Two animals fed frozen infected meat (group A) died of intercurrent disease; 
the remainder appeared healthy for the duration of the experiment. Skin tests 
done two weeks after the completion of feedings were uniformly negative at 
twenty minutes and twenty-four and forty-eight hours. Flocculation tests on 
blood serum drawn one month after the completion of feedings were aU negative. 
No trichinae were found in any animal by the muscle press or digestion tech- 
niques when they were sacrificed at the conclusion of the experiment. 

Four of the six guinea pigs in the positive control group (E) gave 1 plus positive 
skin tests to 1:200 antigen at twenty minutes, and one gave a 2 plus reaction. 
The tests were negative at twenty-four and forty-eight hours. Six wrecks after 
a second feeding of known infected meat, two animals gave 1 plus reactions 
and one gave a 2 plus reaction at twenty minutes; four gave 1 plus reactions and 
one a 2 plus reaction at twenty-four hours; but all were negative at forty-eight 
hours. All six guinea pigs in group E gave doubtful flocculation tests six weeks 
after the second feeding; known positive and known negative control sera from 
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rabbits and known negative guinea pig serum gave clear-cut positive and negative 
reactions. 


Rabbits 

With the exception of the two rabbits in the positive control group (J) and one 
rabbit in the group fed frozen infected meat (F), the animals gained weight. 
All of the skin tests were negative at twenty minutes and at forty-eight hours. 
At twenty-four hours, the two rabbits vith known infections [(group J) gave 
positive reactions to the various antigens. The reactions ranged from pale 9 mm. 
wheals (1 plus) to 1 cm. wheals with induration and erythema (3 plus). The 
other rabbit which had not gained weight gave a 1 plus reaction to two of the 
1:200 antigens. 

Flocculation tests on undiluted serum from the three rabbits which gave pos- 
itive skin reactions were positive (4 plus). Serum from all other rabbits in the 
experiment, and control serum from normal rabbits, gave negative flocculation 
tests. 

The animal from group F which showed positive skin and flocculation tests 
died of penmnonia two weeks after the completion of the tests. Muscle press 
preparations of the diaphragm were negative, but digestion of 60 gm. of muscle — 
including the entire diaphragm and portions from the intercoastal and pectoral 
muscles, and from all leg muscles — ^jdelded one trichina. Undoubtedly, freezing 
did not loll all the lar^’^ae in at least one specimen of meat fed this rabbit. Only 
one other rabbit died during the course of the experiment; this animal was from 
the group fed cooked infected meat (G), but no trichinae were found by either the 
muscle press or the digestion technique. Additional rabbits from all groups were 
killed after the completion of the experiment, but no trichinae were demonstrated 
by the muscle press or digestion technique except in the control animals knovTi to 
be infected. 


DISCUSSION 

Reaction to an antigen which had crossed the mucous membrane of the in- 
testinal tract would explain the high incidence of positive skin tests to trichinella 
antigen pre^'iousty found in institutionalized patients. Spindler and Cross 
reported that skin sensitivity could be acquired by hogs from the consumption of 
scraps of pork containing non-viable trichinae (7). Hogs fed cooked trichinous 
meat over a period of several weeks gave weakly positive intracutaneous reactions 
to trichinella antigen. The animals were slaughtered at the end of the ex-periment 
and examined for trichinae; none was found to be infected (8). We have been 
unable to reproduce this phenomenon in guinea pigs or rabbits. Skm tests with 
several antigens, as well as flocculation tests on serum, failed to demonstrate evi- 
dence of reactmty in animals fed cooked trichinous meat. Since, theoretically, 
cooking might denature the antigen and render it non-reactive, animals were also 
fed trichinae killed by freezing — a process which theoreticall}' should not denature 
the protein. Skin tests with several antigens, as well as flocculation tests on 
serum, failed to demonstrate e^ddence of reacti\'ity. 



130 


AVERA, TOW, HARRELL AND FOWLER 


Ingested pollen has been shottn to be inactivated by gastric digestion in human 
beings (2). We have not investigated the ability of the digestive juices of 
herbivorous animals or of human gastric juice to inactivate the antigens of lulled 
trichinae. 

Since the degree of allergy in trichinous indmduals is high, the passage of 
undenatured antigen across the mucous membrane might cause vague symptoms 
in such persons . These symptoms might be attributed to an allergy to pork, when 
actually the allergy is to the parasite contained in the meat. 

It is conceivable that the mechanism tested by these experiments is the ex- 
planation for the high incidence of Brucella skin tests in relation to the reported 
incidence of brucellosis as proven by culture. Antigen which has been rendered 
non-inf ectous by pasteurization, if it passed the mucosal barrier, might still 
induce sensitivity without infection. 

Contrary to the reports in the literature, we have been tmable to produce 
strongly positive skin reactions to 1:200 trichinella antigen in guinea pigs kno^vn 
to be infected with trichinae (9). We have no explanation as to why the floc- 
culation test was not clearly positive in infected guinea pigs. We did not do 
precipitin tests for comparison. The skin reactions weremore satisfactory in the 
infected rabbits than in the guinea pigs, and the flocculation test was positive. 
The most clear-cut skin reactions were observed in the infected dog in which the 
potency of the antigens was tested. We would suggest that in future e>g 3 eriments 
concerned with skin reactivity rabbits, or preferably dogs, be used rather than 
guinea pigs. 

The flocculation test proposed by lOine gave positive results in the rabbits 
with known infections in our experiment. This test detected infection of ex- 
tremely mild degree in one rabbit from the group fed frozen infected meat. 
How^ever, the technique is “tricky” and requires large amounts of dried, powdered 
antigen, which is time-consuming to prepare. In the present stage of its devel- 
opment, the test is probably not applicable to large-scale use. 

SUMfttARY 

1. The repeated feeding to guinea pigs and rabbits of killed larvae of Trichinella 
spiralis, presumably containing denatured (cooked) or undenatured (frozen) 
antigen, failed to induce reactivity in the animals as measured by skin tests or 
flocculation tests of the serum. 

2. Rabbits are superior to guinea pigs for experiments requiring skin-testing 
or flocculation of serum after infection with tricliinae. 

3. The flocculation test gives promise of being a useful test in suspected cases 
of trichinosis; an objection is that it requires large amounts of dided antigen. 

4. This experiment did not afford an explanation for the unusually high 
incidence of positive skin reactions among patients confined in institutions. 
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It has alwa5's been a difficult undertaking to recognize and differentiate the 
cj^t and trophozoite stages of the intestinal protozoa as they exist in human 
feces. A slide preparation consisting of a small portion of feces emulsified in a 
drop of physiological saline proves to be a myslerj' to the inexperienced worker; 
the separation of the true protozoan cj'sts or trophozoites of the amoebae and 
flagellates from the pseudoparasites and nonnal fecal debris is extremely difficult. 
Keeping in mind the complexity of detecting protozoa in stool specimens, it ap- 
pears that a method of demonstrating i)arasitcs b}’’ contrast staining and complete 
separation from fecal material would definitelj' aid both the inexperienced student 
and the parasitologist. Attempts have been made along this line; neutral red or 
eosin creates a contrast between stained fecal material and the cj^ts or trophozo- 
ites of the intestinal protozoa. However, contrast has been incomplete and the 
parasites remain mixed ^^•ith the fecal particles. 

SAI.l:^•E-IRO^'-HE^LVTOX■iT.lN 

The trophozoites of aU intestinal protoza wll disintegrate in a very few mo- 
ments if they are subjected to the osmosis of a hypertonic solution; therefore, the 
primary objective must be to use a solution that is isotonic. A second objective 
centers aroxmd the necessity of separating the cysts and trophozoites so they will 
remain free of coagulated debris. The final objective is to create a contrast be- 
tween shiny, refractile cysts and trophozoites and a stained background, with the 
parasites remaining in a clear field. Saline-iron-hematoxylin satisfies these 
objectives; the solution is isotonic; the protozoa are separated from coagulated 
fecal debris; and the background is stained black, leaving the organisms their 
characteristic retractility. 


TECHNIC 

To 75 ml. nonnal saline solution, add 10 to 15 ml. of 0.5 per cent hematoxylin 
stain solution (made according to the technic for iron hematoxylin stained per- 
manent moimts) and 0.25 ml. (about six drops) of 4 per cent ferric ammonium 
sulphate; mix and this solution is ready to use. Place a drop of the saline-iron- 
hematoxylin on a glass slide. Select a small particle of feces with a tooth-pick 
or applicator and stir it in the drop of solution imtil a smooth emulsion is formed. 
Place a cover slip over the preparation, avoiding air bubbles. The film should be 
thin and uniform so that, when seen under the microscope, the Protozoa appear 

' Chief Pharmacist’s Mate, U. S. Navy. 
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A UNITARIAN ^TEW OF TREPONEAIATOSISi 

ELLIS HERNDON HUDSON* 

Ohio Univcrsilti, Athens, 0. 

It is the purpose of this sketch to present the human disease treponematosis 
as it might be given in a brief textbook of medicine’. 

DKFINUTION 

Treponematosis is a universall}’ distributed acute and chronic specific infectious 
disease, knoxMi in various times and places by many names, such as syplnlis, 
yaws, pinta, bubas, button scur\y, morbus galHcus, bejel, morfea, pian, irkintja, 
franghi, mentagra, caratc, frambesia, venereal leprosj’, sibbens, empeines and 
radesyge. Caused by a trcponcmc and propagated both vcnercally and non- 
venereally, it is susceptible to treatment with the hoa\y metals, is diagnosed by 
special tests, is characterized by an early and late stage separated by a latent 
period, and evokes a characteristic pathological response from human tissues. 

HISTORY AND GKOGRARHY 

Treponematosis had its origin somewhere in the remote and unknowm past. 
Tlie biological relatives of the treponeme arc s.aprophjdes, and it probably estab- 
lished itself first as a parasite of man in some moist hot climate such as Central 
Africa, by entrance through a break in the skin. Since the body’s reaction to the 
invasion is to break out with sores in which treponemata teem, subsequent 
propagation by contact, mostly among children, was easily accomplished under 
the conditions of human life which there prevailed. Tlie treponeme thus became 
an obligate parasite of man and throve in an emironment which, failing to pro- 
\’ide isolation or treatment, favored transmission and propagation. 

As the disease in the course of thousands of years was carried by migration, 
commerce and the slave trade to other continents and more temperate climates, 
the improvement in sanitary conditions, especially in the temperate zone and in 
urban and cmlized communities, gradually restricted the treponeme to trans- 
mission for the most part from one adult to another through sexual intercourse. 

In the ancient and medieval world infectious diseases were grouped under the 
headings of sores and fevers. Much of the treponematous infection was obscured 
among the childhood exanthemata, though there are occasional references to 
disease conditions related to sex. With the discovery of printing, the upsurge of 
scientific thought and the quickening of men’s minds by the explorations in 

* Read before the thirty -eighth annual meeting of the American Society of Tropical 
Medicine, November 10, 1942 at Richmond, Va. 

Publication permitted by the Division of Publications, Bureau of Medicine and Surgery, 
Navy Department. The opinions and assertions contained herein are the author's own. 
They are not ofBcial and do not necessarily reflect the views of the Navy Department or the 
Naval Service at large. 

*M.D., D.T.M.&H.(Lond), E.A.C.P., Captain (MC), USNR. 

* A full presentation of the subject will appear in a forthcoming chapter of Oxford 
Medicine. 
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Africa and the New World in the latter half of the 15th Century, the inchoate 
mass of infectious disease began to break up into its constituent elements, the 
small pocks among others, and the great pocks known as morbus gallicus. 

With pardonable rationahzation the groping science of medicine, emer^g 
from the background of herbalist, alchemist and barber, linked the emergence of 
this disease with the discoveiy of the New World, though Fracastoro, the father 
of epidemiology, who himself introduced the word s 3 T)hilis, stated that the simul- 
taneous appearance of morbus gallicus in so many European countries ruled out 
the probability of its importation bj’’ Columbus and his men. 

Ruiz de Isla, who was one of the first to write about the newly recognized 
disease, described the early and late stages accurately but introduced a third 
stage characterized by high fever and heaiy mortahty, obidously some inter- 
current contagion such as typhus. In the course of a few decades the clinical 
picture of the two-stage treponematosis became clearer and the naive conclusion 
was reached that the disease had become milder. What had really happened was 
that its diagnosis had become more accurate. 

Treponematosis in all probability was present also in the New World before 
the recording of history began. Columbus was by no means the first human 
contact between the Eastern and Western Hemispheres. Be that as it may, the 
slave trade brought a huge mass of treponematous infection to the New World, 
part of which still persists in nonvenereal form in certain rural areas of the Carib- 
bean and elsewhere, and part of which has evolved into the venereal form in the 
negro of the southern States. 

In the course of the centuries that followed the discovery of America, great 
progi’ess was made in the study and treatment of venereal treponematosis, which 
was kno\\n as syphilis. However, medical authorities became preoccupied vith 
this form of the disease to such a degree that they came to think of syphilis as the 
whole disease and began to give other names to the nonvenereal tj^ie. This was 
how the native African word yaws came into medical usage. 

In those days, before the discovery of the blood tests and the treponeme, when 
differentiation of diseases had to be made on their clinical appearance, this was 
an understandable position, because in some respects yaws certainly looked 
different from syphilis. Another error into which the scientists of that day fell 
was to elevate an imusual symptom into a disease, as was done, for example, with 
gangosa until it was finally recognized as a late sign of treponematosis. Much 
the same thing is being done with pinta today, viz., erecting one feature of a 
protean disease into a disease sui generis. 

When outbreaks of nonvenereal treponematosis occurred in Europe, as oc- 
casionally happened under conditions of extreme squalor and destitution, they 
were called “syphiloids” and their nonvenereal character was recognized, but as 
conditions in each case improved, the nonvenereal type faded out, evolving into 
the venereal type. 

Since the turn of the century much attention has been devoted to venereal 
treponematosis (sj^philis), because of absorbing questions of diagnosis and treat- 
ment and because of emphasis on its social and moral aspects. Less attention 
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has been paid to nonvenereal treponematosis (yaws et al) because, in contrast, it 
does not present problems of diagnosis, treatment and morals. This dichotomy 
has caused a concentration on venereal disease and elevated an epidemiological 
feature (venery) into a criterion of scientific classification. Specialists in this 
field actually came to be called venereologists. 

However, this unbalanced emphasis is becoming less convenient, especially in 
these days when the world is shrinking so rapidly, and when U. S. medical officers 
are seeing nonvenereal treponematosis in so many tropical countries in this hemi- 
sphere, in Africa and in the Near and Far East. Manson’s Tropical Diseases 
which represents conservative consensus states (1940) that the organisms of 
syphilis and yaws are indistinguishable, and the lesions produced by them 
extremely difficult to differentiate. Yaws, it says, ‘ ‘is now thought to be merely a 
primitive and tropical form” of s 3 T)hilis. It is becoming generally more common 
to hear and see references to the “common ancestry” of the pathogenic trepo- 
nemata. This is a welcome development, for it is certain that scientific knowledge 
will be gained and human welfare advanced by emphasizing their common 
properties rather than their alleged differences. 

ETIOLOGY 

Treponema pallidum (Schaudinn, 1905), syn. T. perlenue (CasteUani, 1905)> 
syn. T . carateum (Brumpt, 1939), etc., is a translucent and fragile spiral organism, 
which has either never been cultured or else reverts in culture immediately to a 
saprophytic, nonpathogenic form. Though the morphologj’’ and motility of 
T . pallidum are characteristic and remain remarkably constant, its physiological, 
fvmctional and biological characteristics on the other hand are notoriously 
multiform. 

Treponema pallidum was the name chosen by Schaudinn, but “spirocheta” 
became popular in spite of the fact that that word was preoccupied in zoological 
nomenclature by Ehrenberg in 1833. References to “spirocheta paUida” in 
scientific commumcations should be discontinued, since that term was a stiUbom 
homonym and is therefore unsound and void. It would be useful in lay language 
to employ the words treponeme and spirochete interchangeably. It is common 
usage among clinicians today to call the parasite Spirocheta pallida when it 
causes the venereal form of treponematosis, but this does not affect the fact that 
Treponema pallidum is the correct scientific name. 

It is obvious that such a versatile organism as T. pallidum is bound to produce 
strains or varieties under varying circumstances. Such strains are elicited by 
the epidemiological influences of venereal and nonvenereal treponematosis and 
run true to form so long as the respective conditions remain. The two main 
varieties of T . pallidum produce different clinical syndromes at given times and 
places, but their essential unity is demonstrated by the gradual evolution of one 
form into the other when environmental conditions change. These strains, in 
other words, are not static entities but the products of their en\dronments, and 
variations within a species. 
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EPIDEMIOLOGY 

T. -pallidum has no intermediate host and must make the transfer from one 
human body to another by direct contact of some sort. Further, since drying 
kills the parasite, the transfer must be made quickly and in a fluid medium. In 
tropic zones, among primitive rural peoples, ignorant of sanitation and hygiene, 
opportunities for direct contact of the smeared secretions of the body, especially 
of the skin eruptions, are innumerable, particularly among children who thereby 
become the reservoir of treponematous infection in those areas of the world. 
This accounts for childhood acquisition in yaws and bejel. On the other hand, in 
temperate climates and in urban and civilized communities the childhood res- 
ervoir dries up and treponematosis takes on a venereal epidemiology, the pros- 
titute and a small segment of the adult male population becoming the chief 
reservoir. This is the background of occidental sypliilis. 

Whether venereal or nonvenereal treponematosis is predominant in a given 
locahty at a given time depends on many environmental factors, climatic, 
economic, sociological and medical. There are innumerable variables in the 
three-sided equation of man, treponeme and emdronment. Both venereal and 
nonvenereal treponematosis may be present within a narrow compass, as for 
example syphilis in a town and yaws in the surrounding rural area. 

Nonvenereal treponematosis may appear and disappear as local standards of 
hy^ene fluctuate. In the course of time either type may evolve into the other, 
providing environmental conditions favor such a change. Sometimes this is a 
matter of a few years; sometimes several generations or several centuries may be 
required before the change is completed through innumerable steps of transition. 

SYMPTOMATOLOGY 

Essentially, treponematosis presents symptoms which fall into two time zones, 
the early and the late. In many venereal infections, though not in all, the early 
stage may be further spht into the initial lesion and the secondary rash. In 
either case the early stage consists of eruptions of skin and mucous membrane and 
the later stage is characterized by ulcers and specific granulomata of the bones, 
cardiovascular system, nervous system and the viscera. In general the non- 
venereal type, as irdght be expected, produces overt lesions and symptoms, 
whereas the venereal form, partly because it is exposed to the hazards of treat- 
ment, tends to a more insidious course. 

Congenital infection is commoner in the venereal type, probably because the 
the mother usually acquires the disease within the childbearing period. In the 
nonvenereal type the fetus usually is spared by the passage of time intervening 
between childhood acquisition and later parturition. 

PATHOLOGY 

In treponematosis recovery is balance, not cure; if a patient has the disease, 
he is immune, and if he is cured, he is susceptible. Again, the pathological mani- 
festations of treponematosis often depend in a given case or area upon the manner 
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and the age at which it was acquired. In other words, even pathology follows 
on epideniiologj". Thus there are differences in the histological picture in the 
early lesions of the two tjqics of treponcmatosis, but analysis shows that there is 
fundamental agreement in the nature of the pathological response of human 
tissues to the presence of the treponeme. WT^iat the interaction of tissue and 
parasite finally produces in the way of pathological picture in each case is affected 
by immunological, physiological and anatomical factors, which varj"- with the 
enidronment, i. e., the epidemiologj\ So much depends on environment that 
there is less difference between sjqihilis and some forms of yaws than there is 
among the various fomis of j'aws itself. SjTihilis has also shovm great variation; 
the descriptions of the disease of fifty years ago fit present-day yaws better than 
they do modem occidental sjqihilis, and the syphilis of today throughout the 
world presents manj’’ different patholopcal aspects. 

SUMMARY 

The problem is largely one of interpretation and of agreement on nomenclature. 
The Unitarian interpretation advanced herein suggests that arguments as to 
whether syphilis is yaws or not have no meaning when the paramount fact is 
grasped that both are forms of treponcmatosis. Diseases should be named if 
possible on the basis of their specific causes, which are assumed to be constant, 
and not on the basis of their epidemiological courses, which may fluctuate. 

Once having established the disease treponcmatosis, caused by T. pallidum, 
it is reasonable and practical to divide it into its venereal and nonvenereal types 
if it is recognized that this classification is based upon environmental rather than 
etiological factors. 

If syphilis is coming to mean venereal treponcmatosis, the same word can 
hardly continue to be applied to nonvenereal forms, such as yaws and pinta. The 
syphilologist will continue to treat venereal treponcmatosis called syphilis and 
caused by “spirocheta pallida”, and the physician in the tropics will continue to 
treat the various nonvenereal infections by whatever name they are known 
locally, but the more doctors and pathologists think in terms of the whole disease 
and keep the key word treponcmatosis in mind, the sooner will confusion be 
cleared. 




THE INELUENZA EPIDEMIC OF 1943-1944 IN SAN ANTONIO, TEXAS 
MORRIS POLLARD, M. EALKSTEIN and H. R. LIVESAYi 


This is a brief report of the local manifestation of the nation-wide influenza, 
outbreak of December-January 1943-1944 as observed in an army camp near 
San Antonio, Texas. The examination of serums was initiated just prior to the 
local outbreak and was continued for two and one-half months thereafter. Senun 
specimens from 175 cases were collected from all clinical cases of nasopharyngitis, 
atypical pneumonia, lobar pneinnonia, and influenza, at the onset of illness and 
at weekly intervals for two weeks thereafter. These senun specimens were 
examined for the following diseases with the technics noted: 

1. Influenza A and B by a modification of the Hirst test (1). 

2. Cold Hemagglutination (2). 

3. Ornithosis-lymphogranuloma venereum group- complement fixation test. 

4. Q fever by the complement fixation test. 
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Chart I. Incidence of Influenza A, Military Camp, San Antonio, Texas, Dec.-.Tan. 


1943-44 


Thefindings in this brief survey were as follows: 

1. This was an explosive outbreak of influenza A, one month in duration with 
82 per cent of the 39 serologically positive cases occurring in the first two weeks. 
In this group are included eight which were diagnosed clinically as lobar pneu- 

* Eighth Service Command Laboratory, Fort Sam Houston, Texas. 

“ Lygranum C. F. Squibb. 
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Dionia, thirteen as nasophaiyngitis, anf four as bronchitis. The average hospi- 
talization period was 7.8 da^’^s vdth individuals ranging from two to fifteen daj^s. 
The incidence curve as detei-mined by the Hirst test showed a characteristic 
sharp “wax” and a gradual "wane” (Chart I). 

2. Eleven of the influenza A cases (28.2%) showed x-ray evidence of pulmonary 
involvement ranging from “accentuated pulmonary markings” to “early pneu- 
monitis of the lower halves of both lungs.” Twenty-five cases were negative by 
x-ray examination. 

3. The continued incidence of nasopharyngitis, “atypical pneumonia,” and 
frank lobar pneumonia was unaffected by the abinipt cessation of influenza cases, 
as determined by serological procedures (Chart II). Tv^enty-four atypical 
pneumonia cases were diagnosed clinically as lobar pneumonia, three as naso- 
pharyngitis, and one as bronchitis. The distribution of all diseases in the total 
examined serologically were 25% influenza, 33.6% lobar pneumonia, 45% 
nasopharyngitis, and 12.8% atypical pneumonia. 



Chart II. Upper Respiratory Diseases, Military Camp, San Antonio,Texas 


4. No significant evidence of Lymphogranuloma-ornithosis infection or Q 
fever infection could be detected in this outbreak by the serological methods 
employed. 
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FOREIGN QUARANTINE IN MILITARY TRAFFIC* 

PHILLIP T. KNIES: 

Received for publication November 28, 1945 

The dissemination of disease through international militarj’- traffic has been 
much discussed in recent years, and the problem has been evaluated from multiple 
meuTpoints. Some persons have apparentl}’’ been convinced that many diseases 
would be encountered abroad which might easUy be introduced into the United 
States, particularly bj’’ aerial traffic, and fantastically devious means of infection 
have been suggested. Some opinions have not seemed to give adequate weight to 
past experience, or to improbabilities involved. 

hlilitar}’- policy has necessaril}'’ been based upon careful evaluation of the 
entire problem by The Surgeon General with all reasonable regard to military 
expediency. World-wide commercial and military experience have been con- 
sidered along with ad\dce of American and foreign authorities in preventive 
medicine, and recommendations of the National Institute of Health, The Na- 
tional Reserach Cormcil, the United States of America Typhus Commission, and 
other interested military and chdfian groups. In an Interservice Committee for 
the Control of Exotic Diseases, the United States Public Health Service, and the 
Preventive Medicine Serrdces of the Navj’’, and of the Armj', have studied the 
subject repeatedly, and a detailed joint investigation of the matter was carried 
out in most of the accessible parts of the world through the Interdepartmental 
Quarantine Commission. This Commission was appointed by the Secretaries 
of War, and of the Na\y, and the Administrator of the Federal Security Agency, 
upon the recommendations of the Surgeons General. 

As a result, an extensive program of foreign quarantine has been undertaken 
by the Aimj”-, as a responsibility of The Surgeon General. A similar program has 
been ioitiated in the Navj^ and continuing close correlation of military and 
civilian effort has been assured by the designation of Army, Navy, and Public 
Health Sendee Quarantine Liaison Officers. A Quarantine Branch has been 
established in the Preventive Medicine Service of The Surgeon General’s Office 
and pertinent Annj’- policy and directives wdll be published shortly. It is in- 
tended that uniform procedure extend throughout Army transportation, not only 
into the United States but also abroad, and it is believed the simplified techniques 
proposed wiR assure increased overall effectiveness. It is desired to present 
briefly the basic concepts and provisions of this program. 

It may be emphasized that international quarantine, based upon centuries of 
experience and defined in the Pan-American and International Samtary Codes, 
concerns only five diseases of proven virulence and epidemicity, namely cholera, 
smaRpox, plague, tj^ihus and yeRow fever. Even thou^ mihtary traffic has 

' Read at the Thirt 3 '’-eighth Annual Meeting of the American Society of Tropical Medi- 
cine, St. Louis, Mo., November 13-16, 1944. 

* Lieut. Colonel, M.C., A.T7.S. 
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exceeded all iircccdcnt, reassurance with respect to these quarantinablc diseases is 
provided by peacetime experience. Thu.s at the boundaries of the United States, 
its territories and possc.ssions, the Public Health Service during ten years ending 
in April 191-J intercepted only nine cases of .smallpox, two of epidemic typhus, 
and one each of bubonic plague and leprosy. Traffic during this period was 
reduced by economic dcjircssion, restricted immigration and war abroad, but only 
one hundred fifteen intercejitions, more than half of which were of smallpox, had 
been made in the more normal decade of 1921 to 1931. Furthermore, in the 
histoiy of aviation, there is record of the transportation acro.'^ international 
boundaries of only one person ill with a quarantinablc disease, a case of smallpox 
brought from South America to the United States last .spring by commercial 
aircraft. 

The emphasis placed by some upon highly improbable theoretical pathways of 
infection has neglected the basic principle upon which most epidemiological 
control is founded, namely the reduction of exposure factors below certain critical 
values. There is no reason to doubt the validity of this principle in the present 
context. 

It may be further pointed out that most illnesses encountered abroad are the 
same as occur in this countrj', and that some of even the infectious diseases can 
be of little risk to the United States since there is already greater exposure, at 
least to endemic strains, than could conceivably be introduced in military traffic. 
For example, an average of more than twelve hundred cases of smallpox occur 
annually in this country, and of an American population of approximately twelve 
hundred lepers only about one-third are institutionalized. Our concepts of the 
prevalence of dread diseases abroad are often no less distorted than foreign 
opinion concerning our Rocky Mountain Spotted Fever, our field rodent plague in 
the West, and our encephalitis. Such distortion is based largely upon publicity 
accorded these diseases in medical literature. Actually, many military physicians 
w'ho had hoped to instruct themselves in exotic diseases during foreign service 
have rarely encountered them except in native hospitals. 

Nevertheless, there has been during this war an unprecedented potential expo- 
sure of American personnel to exotic diseases in places and in numbers unap- 
proached before, except perhaps when large numbei’s of slaves w’ere introduced at 
a time of sanitation less advanced than at present. The incidence among mili- 
tary personnel of some diseases, as leishmaniasis, onchocerciasis, schistosomiasis, 
and trypanosomiasis, has been negligible, but others have occurred importantly, 
as witness malaria, dengue, and in some areas scrub typhus and filariasis. Also, 
during this w^ar there have been shortened times for international travel, un- 
precedented volume of traffic, and an urgency wiiich might compromise sanitary 
safeguards during militaiy operations. These factors must be evaluated in their 
proper stature. 

Our defenses against exotic diseases are reassuring, for in addition to some 
inherent security, safeguards against infection from abroad w^ere never more 
broadly nor more energetically erected. Danger from certain diseases is miti- 
gated by the general sanitation and personal habits prevailing in this countrj'’. 
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and great improvement of the sanitary facilities of manj’^ commimities has been 
achieved during the war through cooperation between public health agencies and 
the military forces. New high levels of protection against both water-borne and 
food-bome diseases have resulted. Climatic resistance naturally existing in the 
United States against many insect-home diseases has been reinforced b3’’ S3’’stem- 
atic elimination of insect breeding by screening of houses of even the relativel}’’ 
poor and by extensive adult-insect control programs. These ideals have nowhere 
been more completely realized than in and near militaiy communities. 

Furtheimore, military personnel are relativel}’^ segregated from the general 
public both duiing training in this country and upon return from abroad. WTiile 
this segregation is partial only, its value is recognized in inquiries about pro- 
tection of the public against diseases possibly carried bj’^ military personnel 
granted leave or furlough immediately upon return to the United States. 

Other advantages of the irdlitary program of preventive medicine include 
immunizations against certain diseases and medicinal and mechanical prophylaxis 
against others. AU persons in the Army are immunized against smallpox, 
typhoid and para-typhoid fevers and tetanus, and special immunizations arc 
given against yellow fever, typhus, cholera, and plague in accordance vdth antici- 
pated exposure. This policy offers obvious safety in the return of military 
personnel to this country. 

A most important safeguard against introduction of disease by returning 
personnel is the continuous medical surveillance exercised over them. This 
consists not only in constantly available medical consultation, daily sick calls and 
monthly inspections, but particularly in special inspections upon change of 
stations, -with appropriate corrective action when necessary in order to assure 
freedom from contagious disease and vermin. This barrier includes inspection 
before departure in international traffic whether by plane or vessel. At this 
time a certificate is required noting those diseases to which the individual or 
group can be presumed to have been exposed and assurance is given of freedom 
from contagious disease and from vermin of both the individual and his effects. 
Additional inspections are pven on shipboard at stated intervals and before 
debarkation; equivalent inspections may'^ be given in aerial traffic if circumstances 
require. The result is quarantine, not of the traditional terminal type but one 
beginning at the onset of travel and continuing until its conclusion. 

Upon arrival in this country^ there are additional examinations in accordance 
■with the exposure indicated in the certificate made out upon departure from 
abroad, and in accordance with indi^^d^al and group histories of illne.'^s. Because 
of the security afforded hy immunization against the quarantinablc disca.-^es, 
these additional examinations need not be accomplished immcdiatl.v upon arrival, 
in the manner of traditional quarantine, but may be postponed until more ade- 
quate time and facilities are available as at reception stations. Those individuals 
who depart on immediate leave or furlough and hence temporarih' arc not under 
militarj' medical supernsion, receive special examinations before such departure 
is permitted. Thej' arc also warned regarding diseases they' might harbor and 
are instnicted to report immcdiatch' to the nearest military' metiical officer or to 
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their own physician in case of illness. Persons in whom disease is discovered are 
hospitalized and adequately treated before furlough or separation from the 
service. 

Other safeguards should be mentioned. While certain diseases do e.vist abroad 
against which we possess no inherent or prophylactic' guarantees, the American 
soldier is protected by sanitation not only of the militaiy bases but often of 
adjacent villages and cities as well, by his relative segregation in military bases, 
and by restriction of his visits to native quarters, particularly when diseases are 
epidemic or significantly endemic. Education of the soldier is directed at de- 
creasing possible exposure, and of Iris medical officer at increasing earlj’- recogni- 
tion. The interruption of unavoidable exposure at the earliest possible moment 
favors the development of mild infections with some diseases, such as filariasis 
and schistosomiasis, in this manner reducing danger to the indhddual and mini- 
mizing possibilitj'’ of secondary spread. 

Mihtary personnel returning to this coimtry normally depaii; from abroad and 
arrive in the United States at sanitated mihtary bases. Conve5'’ances are regu- 
larly cleansed, frequently inspected and, when necessary, are disinsected. Mate- 
rial hkely to harbor vermin is disinfested chemically, by heat or by storage. 

T\Tule the apphcation of these protective mechanisms ma5'- at times be sub- 
optimal, it is beheved that they have been adequate to the problem at hand. In 
the early phases of the war the protection of the large outgoing traffic of per- 
sonnel could safely rely to a considerable degree upon the inherent health and 
sanitation of this country, while the relatively sUght incoming traffic was handled 
without apparent xmtoward result to date. 

In the meanwhile, defenses have continued to develop in the realistic employ- 
ment of the best principles of preventive medicine and the public may be assured 
that while placing the highest value upon military action towards successful con- 
clusion of the war, the military %deAvpoint contenances no avoidable risk to 
sanitation or health. 
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Clinical Parasitology. Chahles Franklin Craig, M.D., M.A. (Hon.), Sc.D., F.A.C.S., 
F.A.C.P., Colonel, United States Army (Retired), D.S.M., Formerly Director, Armj” 
Medical School, and Assistant Commandant, Army Medical Center, Washington, D. C.; 
Emeritus Professor of Tropical Medicine in the Tulane University of Louisiana, New 
Orleans, Louisiana, and Ernest Carroll Faust, M.A., Ph.D., Professor of Parasitology 
in the Department of Tropical Medicine, Tulane University of Louisiana, New Orleans, 
Louisiana; Consultant to the Secretary of War, Army Epidemiologic Board on Epidemic 
and Tropical Diseases; Consultant, U. S. Public Health Service; Honorary Consultant, 
Army Medical Librar 3 ’’; Fourth Edition, Lea and Febiger, Philadelphia, Pa. 1945. 

One reads successive editions of Craig and Faust’s “Clinical Parasitology” with increas- 
ing respect for its authority. Unfailing in reliability, profound in scholarship, e.vact and 
painstaking in detail, the book is a monument to the scientific attainments of the authors 
and to their creative energy. 

The new edition has been expanded by more than one hundred pages but the use of lighter 
paper has permitted this increase in material without increase in bulk. Twenty-one new 
figures have been added. As in the previous edition, the book is divided into six parts 
which, following a general introduction, deal in turn with protozoa and protozoan infec- 
tions, helminths and helminthic infections, arthropods and human disease, technical 
procedures and references. A new chapter on the geographic distribution of parasitic 
infections appears in the general introduction. Much fresh material and new sections on 
pathogenesis are found in the accounts of the various parasitic and arthropod-transmitted 
diseases. The bibliography, always a distinguished feature of this work, has been amplified 
and brought up to date. 

Not only in form but in content is the fourth edition worthy of its predecessors. The 
finest quality of the book continues to be its high degree of accuracj'. Much of the mate- 
rial presented represents the original work of the authors on many parasitic species and 
diseases in many lands over many years. The scope and e.xactness of their observations 
is the essential basis of the book’s authority. 

The work is almost equally authoritative in its citations from the reports of other scien- 
tists, the completeness, fairness and precision of these citations giving the reader a com- 
prehensive view of the entire field of human parasitology. It is inevitable that in these 
quotations a few errors should appear. One such is found on page 236 where it is implied 
that during the malaria epidemic in northeastern Brazil in 1938-1940, the infection rate of 
An. gambiae was 100%. Confirmation of this statement was not found in Soper and Wil- 
son’s monograph. These latter authors regarded sporozoite rates of 28.2% and oocyst rates 
of 71.5% reported by Souza Pinto as “extremely high”. 

The clinical accounts of parasitic diseases which comprise a large portion of the book are 
of a high order. One wishes that the authors would restrict the use of the word “parasite” 
to mean “animal parasite” and that there would be less reference to “toxemia” c.xcept in 
connection with the physiological effects of a specific demonstrable e.xoloxin of the type 
found in diphtheria, botulism, tetanus and Shiga dj'senterj’-, but those are matters of option. 

The scientific authority of Craig and Faust’s “Clinical Parasitologj’” is not alwaj’s re- 
flected in its stj'le. “Hj’^pothecated” (pp. 360, 361), “hcmobilirubinemia” (p. 20) “most 
usually” (pp. 315, 754), the prepositional use of “nearby’” (pp. 209, 543, 755) and phrases 
such as “the raw consumption of snails” (p. 44S) arc not the onh' lapses noted. Misspelled 
words are few except for “laj’od” which appears at least si-xteen times, *flaid” twice. Addi- 
tional evidences of the difficulties of wartime bookmaking arc found in “harmdttan” (p. 
27), “parturatc” (p. 362), “Kondolcan” (p. 369), "coinspicuous” (p. 552), “rivcrtinc” (p. 
680), “pruritus peronci” (p. 768) and “Lactrodectus” (p. 770). Errors of reference occur on 
pages 447 and 703 and of tj^jograpfij* on pages 74, 283, 520 and 7G9. 

In view of the increasing appreciation b\' practicing phj-sicians of the value of this text, 
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and their need for it in postwar medical practice, it might be worthwhile for the authors to 
consider making certain concessions in subsequent editions to the average physician’s needs 
and to his limited knowledge of parasitology. The usefulness of the book as a work of ready 
reference could be increased by recasting the sections devoted to the rarer parasitic infec- 
tions in small type. A similar makeup of the paragraphs on treatment could be adopted 
to give appropriate emphasis to preferred methods of therapy. Physicians would also 
appreciate the rigid use of USP, NF, NNR and BNA nomenclature, and the insertion of the 
maker’s name when proprietary drugs are recommended. A short glossary of technical 
parasitologic terms unfamiliar to the average physician would also, it is believed, be helpful. 

In closing, letit again be stated, that Craig and Faust’s “Clinical Parasitology” is still 
unsurpassed in its field, and it can be confidently expected to survive many more reviews 
and reviewers. 

EiiLisTON Farrell 





MEDICAL RESEAECH IN THE POSTWAR WORLDi 

Presidential Address 
ROLLA E. DYER 

Assistant Surgeon General United States Public Health Service; 

'President, American Society of Tropical Medicine < 

There can be no question that World War II has given to scientific research an 
impetus such as has never before been felt in the search for new knowledge and 
in its appheation. I need not review for this audience the events which have 
engendered such a vddespread concern for the advance of scientific investigation. 
Suffice it to say that the developments of the war years have brought to science a 
wide popular recognition and a public interest hitherto unkno-wn in the 
United States. 

The prosecution of the war required that the Federal Government concern 
itself extensively with research and development of technological appheation 
of new scientific discoveries. This has been true in past wars as far back as the 
Civil War. The vast scope of global conflict and the evolutionary advance of 
science, however, have combined to increase the Government’s role in research 
during the past six years to a stage wRich overshadows all previous activities. 
One result of the new achievements in logistics has been to create in the minds of 
many people — ^includiug many scientists — ^the impression that Government’s 
participation in scientific research is a w'ar-bom activity. The truth is, the 
Goyerrunent is in research and development, — and has been since the early days 
of the nation. The ex-pansion of Goveimnent research has been gradual but 
steady; it has reflected the evolutionar}'- changes iu civilization resulting from 
exploration of unknowns. 

In medical research and related fields, the United States Government financed 
a great many long term programs prior to the war. Problems w'hich have a 
bearing on human health have been investigated by several Government agencies. 
The contributions of these agencies to the study of tropical and other diseases are 
well known to this audience. 

Organized medical research in the United States is a product of the twentieth 
century, although it had its roots in the efforts of those imbued rnth scientific 
curiosity during the latter part of the nineteenth century. American universities 
were among the fii'st of our institutions to devote attention to medical research, 
along with Federal and State agencies. Later, private formdations — and still 
later, commercial laboratories — entered the field. Today, these organizations 
conduct practically all of the health and medical research in this countrj'. The 
isolated scientist is no%v being placed at a disadvantage. This is largely, of 
course, because scientific progress has made it diflScult to engage in research with- 
out facilities, equipment, and frmds beyond the means of an indhidual to suppl3\ 

Financial support of research in medical fields has been derived chiefly from 

‘Read at Meeting in Cincinnati, Ohio, November 12-15, 1945. 
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three sources: private endovunents, governmental appropriations (State and 
Federal), and commercial expenditures. The imiversities have financed the 
programs through a combination of sources— endovunents, gifts, grants from 
public and private institutions, and (in the case of State universities) appropria- 
tions. In some instances, commercial firms have financed investigations in 
universities. Some of the private foundations not only make grants or gifts to 
-other research institutions, but also conduct broad programs in their own 
facilities. Federal agencies engaged in research rely entirely upon appropria- 
tions, although some of them may accept gifts from outside sources or engage in, 
cooperative studies. The Land Grant Colleges represent one of the earliest 
activities of the Federal Government in the support of State research agencies. 

Comprehensive and accurate information as to the amounts spent annually 
upon medical research is extremely difiicult to obtain. From partial data, 
how'ever, certain trends prior to the war may be discerned. For, example, 
betw^een 1937 and 1940, grants by private foundations and individuals for research 
and training in medicine and public health decreased by well over one-fourth 
(27.3 per cent). In the latter year, these sources supplied about $5,000,000 for 
these purposes. Governmental appropriations for medical research, on the 
other hand, have expanded during the past 10 years. For example, in the Public 
Health Service annual appropriations for research have increased from a few 
hundred thousand in 1935 to over $3,000,000 in 1945; in addition, laboratoiy 
facilities have been constructed in the same period at a cost of some $8,000,000. 

During the war, many pressing problems made necessary an expansion of 
Federal support for research, as well as the establishment of a coordinating 
agency, — ^the Office of Scientific Research and Development. At the same time, 
the National Research Council — a World War I development — ^had to be acti- 
vated with many special advisory committees. Medical research was an im- 
portant element in the expanded wartime program. In the first three years of 
operation, the OSRD expended over $15,000,000 in Federal funds for medical 
research, of which nearly half (seven and three-quarter millions) was allotted in 
the peak year, 1944, alone. 

The results of the war research conducted under these programs have proved 
the value of intensive, coordinated investigation. The great lesson of this 
experience, mth respect to postwar research, is that the program of the OSRD 
functioned smoothly because the universities, the Federal agencies, and other 
cooperating institutions — all were represented on the various advisory bodies. 

The report of Dr. Vannevar Bush and his colleagues to President Roosevelt is 
well known to all of you. The National Advisory Health Council and the Na- 
tional Advisory Cancer Council in joint session adopted the following statement 
on the Bush Report: “It is a magnificent and distinguished document >,vhich 
outlines a plan for stimulating basic research in civilian research institutions and 
for continuing the close and profitable cooperation betw^een civilian and govern- 
mental research agencies ” The aims and views expressed in the report were 

indorsed by the Councils. 

As you know, several pieces of legislation have been introduced in the Congress 
to implement the objectives of the Bush Report. 
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Joint hearings have been held before Senate subcommittes on the Kilgore, 
Magnuson, and Fulbright bills . The first two — ^the Kilgore and Magnuson — 
would establish a National Foundation for the support of research; the Fulbright 
bill would complement the Foundation through the establishment of a Bureau in 
the Department of Co mm erce to promote and develop new industrial processes 
and products. The Kilgore and Magnuson bills are the two major proposals 
with respect to comprehensive research. Although there is substantial agree- 
ment as to the basic issues involved, there are certain areas of disagreement in 
these two bills, — ^namely, scope and purpose of the foundation; methods of con- 
trol and administration; and patent rights in government-supported discoveries. 

Along with other scientific bodies, the National Advisoiy Health Council and 
the Cancer Council have consistently held the view that a National Science 
Foundation should be established only if proper safeguards are maintained 
legally for the independent development of research programs in institutions 
receiving government grants. 

K scientific research and development activities in public and private groups 
are to function harmoniously as a correlated program, active cooperation among 
all groups must be assured. We know that any research program can be co- 
ordinated by direction and control. But since “direction and control” may 
mean death to a research institution and to the work of individual scientists, 
such methods might terminate in the foundation’s having no research program to 
coordinate. Cooperation being the method of choice, it seems vase that a 
National Science Foundation should have the benefit of advice and consultation 
from the various groups concerned, including the Government’s research agencies. 

In addition, research institutions, whether public or private, which receive 
support from the Foundation shoiild be assured complete freedom of scientific 
thought and endeavor, independence to develop their own programs, and, 
finally, aminkmun of paper work in connection with the maintenance of accoimts 
and' reports. 

With adequate safeguards such as I have mentioned, it is hoped that increased 
support of medical research by the Federal Government will be provided as 
speedily as possible. To promote the training of scientists, the National In- 
stitute of Health has already established fellowships, some of which have been 
filled. 

The necessity for expanded public support of research is clear. Funds for 
Federally financed projects now under way in universities cannot be cut off 
without causing a serious financial situation in these institutions. New research 
should be planned in order to assure continuity of accomplishment. It will 
serve to provide opportunities for the employment of the valuable scientific 
personnel w'ho are now being released from war projects. The Nation can ill 
afford to throw ^ide the investment it has made in medical research during the 
war, wdth the concomitant loss of potential additions to medical knowledge. 
Finally, active and expanded programs of investigation in health and medical 
fields are essential if we are to discover and utilize fully the best young research 
brains in the countrj’-. 

Many of the projects initiated during the war were undertaken because of the 
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need of solving problems which as yet have not been answered; These problems 
are of vital importance to the public health and much work upon them will be 
essential for some years to come. Among the investigations which must be 
pursued intensively are ; studies in the tropical diseases, the chronic degenerative 
diseases, also cancer, gerontology, the virus diseases, and studies of antibiotics 
and chemotherapeutic agents. 

Despite the great contributions of the past, our laiowledge of many tropical 
diseases remains fragmentary. Especially needed are improved methods for the 
early diagnosis of such infections as filariasis, schistosomiasis, and the leishmania: 
ses. Treatment of these diseases also requires much intensive experimental and 
clinical research. 

The continued reduction in infant mortality, as well as in death rates from 
specific causes such as pneumonia, syphilis, and other infections which respond 
to modern therapy, again points to the aging of the population and to the in- 
creased importance of heart diseases, cancer, tuberculosis, arthritis, cerebral 
hemorrhage and other diseases of middle and old age. The problem of aging 
is in urgent need of intensive studj^. Much must be learned regarding the 
processes which not only increase the death rates, but which lower the physical 
and mental capacities of the older members of the population. 

The paucity of research in cardiovascular diseases has been emphasized on 
numerous occasions. Dr.»Henry Simms of the College of Physicians and Sur- 
geons told a Senate subcommittee in 1944 that less than 25 cents per death from 
heart disease is spent for research in that field, as compared with $2.00 per cancer 
death, $4.00 per death from all infectious diseases except poliomyelitis, and 
$500 per death from the latter. 

Research on cancer has been developed for a longer period and to a greater 
degree than has the study of any degenerative disease. In comparison vith 
support of scientific investigations of other diseases, funds for cancer research, 
both from private and public sources, have been supplied generously. It Avould 
seem, from the results so far obtained, that science should now develop new 
approaches to the cancer problem. New men should be recruited and trained, — 
and young scientists should be encouraged to seek new methods and new ap- 
proaches in the study of cancer. Among promising lines of investigations in this 
field, I would mention the search for a method for early diagnosis of the cancerous 
process. The National Advisory Cancer Council has emphasized this need in 
conomenting upon the disastrous periods of delay between the first examination 
of a cancer patient by a general practitioner and referral to a cancer specialist; 
and, indeed, between the visit to the specialist and final application of therapy. 

In the field of chemotherapy, basic research is needed to determine the mech- 
anism of action of new specifics, such as the sulfonamides and antibiotics. The 
electron microscope and isotopes present means for the development of new 
methods and technics in this field. Intensive development of such new methods 
gives promise of the solution of many fundamental problems, such as virus 
diseases, the biochemical analysis of bacteria, and determination of the active 
ingredients in antibiotics. 
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It is safe to say that the next few years Avill see the development of many new 
antibiotics, the development and application of y^hich vill depend upon funda- 
mental, long-teiTU research. The discovery of penicDlin may be called “a happy 
accident,” but only bj’’ acquiring basic knowledge can this and analogous thera- 
peutic agents be fully exploited for the benefit of the public health. 

These are but a few of thousands of important, long-range projects in medical 
research which should be undertaken. Experimental and clinical studies by 
various groups should be initiated and conducted in the cooperative m ann er 
which has produced such remarkable results during the war. 

The great progress which has been made and the larger promises of the future 
call for the continuing development in the post-war period of a national program 
for the support of scientific research and development, an important sector of 
which, would be support of the health and medical sciences. The benefits of 
wartime collaboration by the government, the universities, foundations, and 
industry, must be extended to aid us in our great peace problems. Health and 
medical research iu the war has brought science to new frontiers; it remains for 
all groups to join in pushing back these frontiers so that greater benefits of health 
may be enjoyed by all mankind. 



TWO NEW SPECIES OF EAT MITES (NEOS CHONG ASTIA SPP.) 
FROM A FOCUS OF SCRUB TYPHUS ON MINDORO, 
PHILIPPINE ISL^VNDS 

CORNELIUS B. P1IILIP» and THEODORE E. WOODWARD’ 

From the United States of America Typhus Commission, IPor Department, Washington, D. C. 

During the operations of the Visayan Task Force on Mindoro Island, the U. S. 
Ami}’- troops in the San Jose district experienced the largest number of cases of 
tsutsugamushi disease (scrub typhus) that was encountered in any locality in 
the Philippine Archipelago during the war. Incidental to a surv'ey of con- 
tributoiy’ factors and other pertinent data in the San Jose area, the larvae of 
two new species of trombiculine, parasitic mites wore discovered in the ears of 
indigenous field rats. 

Both of these new species belong in the genus Ncoscliongasiia (family Trombi- 
culidae), the lan^ae of which liave a pair of swollen sensillary appendages 
(pseudostigmatic organs) on the dorsal scutum, and are without dorsal ser- 
rations on the chelicerae. 

It was not determined whether animals other than rats occur as normal or 
casual hosts of these mites on IMindoro island. In the cultivated areas about 
San Jose where most of the military installations were placed, nearly every 
indhidual examined of the predominant local rat, Ratiiis mindanensis mind- 
anerms, carried larvae of one or both of these mite species in their ears. A 
few were found also on the smaller rat, R. vigoralus. However, one or the 
other mite usually predominated in a given local area without any distinguish- 
able ecological differences. Attempted “boot collections” in these areas w’ere 
without success. 

Although these were the most abundant rat mites encountered, other species 
identified from rats included scattering Tromiicula deliensis, and Heaslipia 
(Trombiculoides) galeri taken in one area by Captain Mangrum of the 38th 
Malaria Survey Detachment. The former was the probable vector of the in- 
fection in the troops. 

Species of Neoschongasiia are knoTvm to attack man in other localities, but no 
mites for identification were recovered from man in IMindoro during or after the 
local epidemic in troops described by us elsewhere (1946). 

The two new species are here described for purposes of reference in discussion 
of scrub typhus in the Philippines in another report. Collection of specimens 
was aided by the officers and men of both the 31st and 3Sth Malaria Survey 
Units commanded by CaptainEdward S. Ross, Sn.C., 0-446989, C.O., 38 Malaria 
Suiv^ey Unit and Captain Wa 3 me L. Howe, Sn.C., 0-514094, C.O., 31st Malaria 
Survey Unit respectively. Identifications of rats were made through courtesy 
of Dr. Remington Kellogg, U. S. National Museum. 

’ Lieut. Colonel, Sn.C., AUS. 

* Lieut. Colonel, M.C., ORS. 
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NEOSCHONGASTIA PHILIPPENSIS N.SP. 

A species whose larvae belong in the group with haiiy, globose sensillae on the 
scutum, and distinguished bj’’ the verj’’ sinuous posteiior margin of the latter, 
and the sensillae Avidely separated and each situated on broad, raised areas in 
undistorted mounts. In life, light jmllowdsh red to pinkish yellow depending 
on state of engorgement. 

Holotype larva ovoid, partly fed, length to base of palpi 232, width 88 fi. Scutal 
adornment typical of the genus, shape as figured. Standard data in m (capital 
letters correspond Avith table of variation of paratypes beloAA^). Scutal Depth 
(median saggittal) 30, Posterior Sensillary Base (to projection of line of most 
posterior scutal margins) 9, Anterior Width 50, Posterior Width (betAveen bases 
of PL) 69, SensUlai’y Bases (betAA^een centers) 20, A-P (betAA-een bases lateral 
setae) 23, lengths of setae: Anterior Median 20, Anterior Lateral 41, Posterior 
Lateral 36, SENSillae 23, blade 16 by 16. Both sensillae are present so that in 
the mount the bases and surrounding scutum appears to have been somewhat 
depressed possibly contracting slightly the PW AA^hich is proportionately narrower 
than in the paratypes. 

Dorsal setae, moderate in number, of subequal size and shape throughout, 
slender, tapering and finely ciliated; Dorsal Setae Anterior 28 ju, Dorsal Setae 
Posterior 28. Ai'ranged in iws of 2, 6, 6, 6, 6, 2, 2. Capitulum, and its ap- 
pendages normal for genus. Ventral setae sparse and small, posterior ones a 
little longer, the usual pair each betAveen the first and third coxae, the caudal 
group not bilaterally symmetrical, 18 preanal (in apparent i-oaa's of 4, 6, 6, 2) 
and 13 from the anus backAvard. Anus ventral. Coxae unisetose. Setae of 
remainder of legs of 2 types, in addition to the usual rod-like setae dorso-apically 
on the first metatarsae, (a) the predominating slender setae, ciliate on the outer 
side only, and more or less appressed to the legs, and (b) a feAv dorsally situated, 
upstanding, straight setae (often broken), ciliate on all sides, the most prominent 
of which is one located dorso-basally on the fourth segment of the third leg (tibia 
III) and measuring over tAvice the length of the seta on the corresponding coxa. 
Tarsal claAVs normal, the middle digit more slender and a tliird longer than the 
two outer ones. 

Taken from the ear of a rat, Batins mindanensis mindanc7isis, captured in a 
focal area of scrub typhus, vicinity of San Jose, hlindoro, Philippine Islands, 
April 2, 1945. Deposited in the U. S. National Museum, Washington, D. C., 
Slide No. 1525. A slightly fed, smaller paratj^pe under another, marked coAfcr- 
slip on the same slide. 

Paratype larvae. Characters as above. Most of these, depending someAvhat 
on mounts, show a definite bulge in the scutum about the base of each sensilla 
so that the area betAveen them, as aa'cII as the prolongations around the bases of 
the lateral setae are depressed. There thus often appears to be a median, longi- 
tudinal furroAV in the scutum. Fed specimens measure up to 292 by 400 g (from 
caudal margin to base of palpi) , relatively unfed specimens 120 by 120 g. Stand- 
ard data of 10 specimens shoAv the folloAving variation compared to the type. 
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* Meanings of abbreviations in headings are explained in text. 


Measurements are affected by frequent tilting of the scuta in fed specimens, 
by setae set at angles or curved, so that minima in the above table are imdoubt- 
edly well under the actual figure. The maximum of the sensillae represents 
total length when the stalk is extended, though in usual moimts of this species 
the stalks are contracted and sinuous. 

ParatjTpes include one lar\m on the holotype slide, plus 6 other shdes with 86 
specimens from rat’s ears from the type location. Three shdes with 69 speci- 
mens from ears of rata captured April 3, 1945, in another locahty of the San Jose 
area, hlindoro, rP. I. In the collections of the U. S. National Museum, South 
Australia Museum, Phihppine Bureau of Science (if and when reestablished), 
the E.ockj’- Mountain 'Laboratory of the TJSPHS, and the authors. 

Hosts, Ralixis mindanemis mindanensis, and a few off the smaller R. vigoraius. 
No records of casual parasitism of man. 

NEOSCaONGASTIA KOHLSI N.SP. 

This species is also related to the group with haiiy, globose sensillae on the 
scutum. The sensiUary pits separated by less than their diameters, plus the 
anterior lateral setae longer than the posteriors, separate this from related forms. 
Color in life as in N. •philippensis, and often associated with that species in the 
ears of rats in hlindoro. 

Holotype larva, ovoid, shghtly fed, length from base of palpi, 162, width, 131 y. 
Capitulum and its appendages characteristic of the genus, the chelicerae vith a 
minute subapical tooth on each. Setae on palpi all ciliated. Scutmn as figured, 
posterior margin flattened mesally. Standard data in m: SD 35, PSB 7, AW 50, 
PW 62, SB 9, A-P 19, AM 22, AL44, PL33, SENS 20 by 16. SensiUaiy bases 
in bits depressed below scutal level, the short stalks of the sensillae not included 
in the preceding measurements therefore. 

Dorsal setae stout, numerous, strongly ciliated and iacreasing in size caudally, 
DSA 27 n, DSP 42. DS count 10, 4, 13, 11, 12, 10, 8, (9). The 2 anterior rows 
are peculiar in that the customaiy lateral pair are replaced by 2 pairs situated be- 
hind rather than in front of the first continuous row. The last group of 9 setae is 
not arranged in obvious rows owing to lack of abdominal distention. Anus ven- 
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tral in the caudal third. - Ventral setae in preanal median' area small, tapering, ci- 
liated, markedly increasing in size caudally, rows irregular, the usual pairs between 
the first and third coxae plus 40 in the preanal area, and about 14 from the anus to 
the posterior margin. The exact count of the posterior ventral setae is difficult 
because of the compactness and density of the overlsdng dorsal setae; 

Coxae unisetose. Legs with normal vestiture, the setae all normally ciliate on 
the outer sides only. Tarsal claws normal as in the preceding species. 

Taken from the ear of a rat, Rathis inindanensis mindanensis captured in an- 
other than, though similar to the focal area of scrub typhus, where the type of 
N. pMlippensis was taken, vicinity of San Jose, Mindoro, Pliilippine Islands, 
April 2, 1945. Deposited in the U. S. National Museum, Slide No. 1626, the type 
marked in the glass. On the same sHde are 9 paratypes plus one larva of N. 
pMlippensis, 

Paratype larvae. Characters as in the type. Engorged specimens measure up 
to 360 by 448 p. The dorsal rows of setae are quite prominent in partly fed 
specimens, but both the count and their regularity vary. Occasional adven- 
titious setae are to be seen, often out of line and confusing in slightly fed speci- 
mens especially caudally. In most specimens, the 2 pairs of sublateral setae are 
well separated beliind and beyond the first row. Variation in counts of re- 
spective dorsal row^s of 16 specimens in all stages of engorement are: Row I, 
8-11; III, 9-12, usually 10; IV 9-12, usually 10; V, 10-13, usually 12; VI, 8-10, 
usually 8, VII and VIII when separable in at least partially fed specimens 4 to 6, 
and 4. Ventral setae consist of about 30 to 35 preanals and about 16 peri- and 
postanals. Anus is never apical. 

Standard data of 11 paratypes show following variation. 
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42 

41 
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? 

42 


As in the preceding, minimal measurements especially of setae may be due to 
tilting or curvature. The sensillae measure above 24 only when stalks are ex- 
tended or they are lying loose from their bases. 

Paratypes all taken from the ears of rats near San Jose, Mindoro, both m focal 
and non-focal areas. In addition to 9 paratypes on the type slide, there are 11^ 
paratypes on 10 slides from same locality, and host distributed among collec- 
tions of U. S. National Museum, South Australia Museum, Philippine Bureau oi 
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Science (when and if reestablished), Eoclcy Mountain Laboratoiy of USPHS, and 
author. 

Hosts. Same as for the preceding species. The species is named for Major 
Glen M. Kohls, Sn.C., A.XJ.S., a colleague in the U. S. A. Typhus Commission 
who has contributed much fundamental information to acarology. 

COMMENT 

Considering the abundance of these two species on local rats in various areas 
and the lack of an}’- reports of scrub-itch due to mite attack, it does not appear 
likely that ehiher of these species is a significant human parasite. On the other 
hand, there is no evidence to indicate that species of Neoschongastia are not 
susceptible of infection vith Riclceitsia orientalis, and it is possible that under the 
local conditions in Mindoro, either of the present species could contribute to 
natural maintainance of this agent among local rats in focal areas. Under the 
conditions of the campaign there were neither the laboratory facilities nor the 
time to test adequate samples of mites for infection during the present study. 

SUMMABT 

Two new species of parasitic mites of the genus Neoschongastia, family Trom- 
biculidae, namely, N. philippensis n.sp. and N. kolihi n.sp. are described in this 
article. Both were taken from the ears of field rats, Ratlus mindanensis min- 
danensis and R. vigoratus, indigenous to a focal area of scrub typhus in the 
vicinity of San Jose, Mindoro, Philippine Islands. The type specimens are de- 
posited in the collections of the U. S. National Museum. 
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Plate I. A. Doreal view of Neoschongaslin philippensis; B. Dorsal view of N. hohlsi; C. 
Scutum of N. philippensis; D. Scutum of N. koklsi 





CLINICAL AND LABORATORY VARIATION OF VIRULENCE IN 

SCRUB TYPHUS 

EDWIN N. IRONS! 

From ihc Third Medical Ldboralory, United States Army 
INTRODUCTION 

During the past twent}*- years numerous investigators have reported clinical 
and laboratorj’^ data on scrub t 3 *phus in Malaj’-a, Sumatra, New Guinea and 
Australia. These descriptions have been similar in many essential details. The 
mortality has varied between 2 and 10 per cent and since 1942 a similar case 
fatality rate has been absented in the Australian and American armed forces (1). 

The variation in severity, as reflected by the mortality rate, has been attributed 
to a number of factors. The general phj'sical condition of the patients, the 
length of illness and the mode and duration of evacuation prior to hospital ad- 
mission, the patient’s age particularly if over forty j’^ears and the presence of 
intercurrent infections such as malaria and dj’^sentery all seem to play a r61e. 
Although it is well known that variations in \’irulence of the Rickettsia of Rocky 
Mountain Spotted Fever are reflected in the severity and mortality of that disease 
(2), there is no recorded e'V’idence available indicating a similar variation in 
Rickcllsia oricntalis Naga^m et al, the causative agent of scrub typhus (Tsutsu- 
gamushi disease). 

In a recent large outbreak of scrub tj^phus, in which 1255 cases were studied, 
the average case was milder than in previous outbreaks in American 
troops. The mortality rate was only 0.6 percent although the previously given 
factors mentioned above which influence the severity seemed much the same. 

The purpose of this report is to show a correlation between the variation in 
severity of clinical cases and the variation in virulence of corresponding strains 
of Rickettsia oricntalis, as observed in laboratoiy animals. 

CLINICAIi DATA 

The clinical data used in this study were gathered in three different localities 
in the SWPA. In a previous report (3) the environmental and epidemiological 
features of these three foci, designated as A, C, and D, as affecting the armed 
forces, w'ere discussed. Only the pertinent clinical facts are included here, as 
detailed data are recorded elsewhere (4, 5). 

The cases of scrub typhus observed in area A were similar in most respects 
to those seen in other geographical locations in New Guinea, both in civilians and 
in the armed forces. There were 32 deaths in 449 cases or a mortality of 7.1 
per cent. This rate falls vithin the usual accepted limits given by numerous 
investigators. Nearly all these cases were classed as moderately severe to severe. 

In a group of 74 cases of scrub typhus in area A, the average duration of fever 
in patients who recovered was 18 days. The minimum duration of fever in 

^Major, Medical Corps, A.TJ.S. 
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proven cases was 11 days. In those cases with complications, particularly 
secondary bronchopneumonia due to pyogenic organisms, the duration of fever 
reached a maximum of 27 days. Since the minimum duration of fever was 11 
days and since all cases showed moderate to severe degrees of prostration, 
no case in tliis group was considered as mild. Temperature readings of 104°F. 
were frequently seen and 105°F. and 106°F. were not uncommon. The fever 
curve was a high remittent type and fell to normal by lysis of a few days 
duration. 

Signs of moderate to severe cardio-respiratory involvement were seen in two- 
- thirds of these cases. During the first few days of illness the pulse rate was 
relatively slow in relation to the height of fever, but after this it tended to 
follow the fever level, particularly in the second and later weeks of the disease. 
Cardiac irregularities, fall in blood pressure and a rapid bounding or dicrotic 
pulse were also noted. The respiratory rate was elevated, frequently to 40 or 
more respirations a minute, and was associated -with dyspnea. On examination 
of the lungs, there were varying degrees of dullness over the lung bases and nu- 
merous medium and coarse rMes. Cyanosis of a mild to moderate degree was also 
noted. 

Eschars, the initial lesion at the site of attachment of the infected mite, 
occurred in 89 per cent of 74 cases. Since Levlihwaite and Savoor (6) have shovn 
immunological identity between the two diseases previously differentiated only 
on the basis of the presence or absence of a primary eschar, the 11 per cent of 
cases without eschars cannot be justifiab^’- rejected as not being scrub typhus. 
Associated with the eschars there was regional lymphadenopathy and generalized 
enlargement of the lymph nodes was noted in all cases. 

Signs of neurological involvement consisting of acute delirium, other mental 
change and peripheral or eighth nerve neuritis were seen in 23 per cent of the 
total. 

In the group of 74 cases, Weil-Felix tests were carried out on blood serum 
samples collected shortly after admission and subsequent!}’’ eveiy 3 to 5 days 
during the critical serological period when the initial rise in Weil-Felix titre took 
place. The technique of the test was recommended by the National Institute 
of Health (7). A test was considered positive when there was 76per cent ormore 
agglutination of 0.1 per cent formolized Proteus OXK antigen in a serum dilution 
of 1:20 or higher following gentle agitation of the tube. No false reaction was 
observed m over 600 tests. Appropriate parallel controls using Proteus 0X19 
and Proteus 0X2 antigens showed no significant rise in titre. 

The average initial rise in Proteus OXIC titre occurred on the sixteenth day of 
illness %vith extremes ranging between the tenth and twenth-fourth days of disease. 
However, since approximately 9 per cent of patients recovering from scmb typhus 
never developed agglutinins for Proteus OXK, the time at which tins test became 
positive could only be used as a relative criterion for judging the severity of ill- 
ness and recovery. 

The relative mildness of the majority of 1255 cases of scmb typhus observed 
in area D was in marked contrast to the usual severity observed in other areas. 
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Of this gi-oup there were only 8 deaths, or a mortality of 0.6 per cent. The clini- 
cal picture in most of the cases was surprisingly mild. Indeed the diagnosis of 
scrub typhus was difficult to make in those cases of a few days’ duration which 
showed minimal signs and sjTOptoms. Many showed only protracted weakness 
and a rapid pulse rate following a short febrile illness. 

In a group of 485 patients with complete fever charts, the average duration of 
fever was 14.6 days as contrasted to 18 days in the group A patients. With the 
limited facilities of a crowded evacuation hospital in a fonvard area, complete 

TABLE 1 


Clinical data on scrub typhus patients 



AI^CA A 

ai:ea c 

AX£A P 

Number of cases 

449 

26 

1255 

Deaths 

32 

2 

8 

Mortality in per cent 

7.1 

8 

0.6 

Eschars in per cent 

S9 (74 cases) 

66 (74 cases) 

23 (74 cases) 

18 (74 cases) 

16 (229 tests) 

51 

Severe cardio-respiratorj' involvement in per 
cent 


<2 

Neurological involvement in per cent 


<2 

Average duration of fever in daj*s 


14.6 (485 cases) 
10 (668 tests) 

Average day of initial Weil-Felix 





TABLE 2 

Summary of Wcil-Fclix reactions in areas A and D 


DAV or DISEASE 

3 

5 

7 

9 

i 

13 

15 

17 

19 

21 

23 

25 

Area A No. of tests 

! 

4 

14 

18 

25 

26 


28 

25 

21 

17 

15 

15 

No. of positive 

0 

0 

0 

0 

4 

7 

12 

16 

16 

15 

12 

10 

Per cent positive 

0 

0 

0 

0 

15 

28 

42 

64 

76 

88 

80 

67 

Area D No. of tests 

19 


76 ; 



74 

81 

66 

45 

25 

22 

16 

No. of positive 

4 

12 

20 

31 

70 

57 

65 

52 

39 

21 

14 

13 

Per cent positive 

21 

20 

24 

44 

62 

77 


79 

87 

84 

64 

81 


fever charts were not kept on the remainder of patients. Most of these were 
less acutely ill and it was certain that the average duration of fever for the whole 
group would have been shorter if this group of 770 patients had been included. 

Eschars were looked for carefully in each case, but were observed less fre- 
quently in area D, 51 per cent of cases, than in area A. Ljunphadenopathy was 
present in 97 per cent of aU cases. Severe cardio-respiratory and neurological 
involvement were relatively infrequent, occurring in less than 2 per cent of cases, 
whereas it occurred in 66 per cent and 23 per cent of cases respectively in area A. 

Coinciding with the-relative mildness of the disease in Area D there was an 
earlier initial rise in the Weil-Felix titre. Of 155 tests carried out in the first 
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week of illness 23 per cent were positive while in area A, of 36 tests during a corre- 
sponding period, none was positive. The average initial rise occurred on the 
tenth day which was 6 days earlier than in the cases in area A. 

From area C a small group of 26 cases with a mortality rate of 8 per cent is 
included. Only a relatively few people visited tliis area, but prior to anti-mite 
measures, over 60 per cent of all personnel living any length of time on the island 
contracted scrub typhus. Highly virulent strains of Rickettsia oncntalis were 
isolated here. Unfortunately, clinical data on patients in tliis outbreak is not 
available. 

Tables 1 and 2 summarize the pertinent clinical and serological data on the 
patients studied. In the group of patients from area D the lower mortality rate, 
lack of severe clinical manifestations, shorter duration of illness and earlier 
rise in initial WeU-Felix titre is apparent. 

RICKETTSIA ORIENTALIS IN LABORATORY ANIMALS 

In Sumatra, Dinger, and Wolff and Kouwenaar (8) found that infected material 
from scrub typhus patients injected intraperitoneally in white mice caused death 
of these animals in an average of 10 to 12 days in almost all (approaching 100 per 
cent) animals. . Constant gross anatomical and microscopic changes were noted 
and smears of the characteristic sticky peritoneal exudate and peritoneal scrap- 
ings stained by the Giemsa method showed rickettsiae morphologically similar 
to those of Tsutsugamushi fever. Because of their high susceptibility to in- 
fection white mice have been used as the laboratoiy animal of choice by numerous 
investigators and by this means the etiological agent of scrub typhus in American 
troops has been shown to be Rickettsia orientalis (9). 

In area A in 32 consecutive attempts 31 strains of rickettsiae were isolated from 
blood of patients with or dying of scrub typhus. Fifteen of these strains were 
from patients’ bloods taken during the third to the tenth daj’-s of febrile illness. 
The remaining 16 strains were isolated in 17 attempts from heart’s blood at 
autopsy. Each strain was isolated in a similar manner by grinding a small 
portion of blood clot aseptically -with sand, adding a small amount of physiological 
saline, centrifuging at slow speed and injecting 0.3 cc. of the supernatant fluid 
intraperitoneally into each of a group of 3 white mice. The mice so infected died 
in 10 to 18 days, and showed characteristic gross anatomical changes. Smears 
of the peritoneal exudate, differentiated Avith Giemsa’s stain, confirmed the pres- 
ence of the small intra and extracellular diplococcal bodies characteristic of 
Rickettsia. The one failure to isolate a strain of Rickettsia in 32 consecutive 
attempts was from an autopsy case dead 10 hours before post mortem examina- 
tion. 

FolloAving initial isolation strains were passed 2 to 5 times in successive groups 
of 3 or 4 mice each in order to confii’m the initial observations and to observe the 
nature of reaction in mice. All passages were made by intraperitoneal injection 
of 0.3 cc. of a 1:10 dilution of 0.85 per cent saline peritoneal washings from m- 
fected mice. It would have been interesting to have carried all strains through 
a large series of passages but limited animal supply prevented this. However, 
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during the periods of observation, no essential difference from the strains carried 
over a period of months was seen. 

The A No. 1 strain was isolated initially by the USA Typhus Commission from 
a typical case of scrub typhus in area A and was maintained by serial passage of 
infected peritoneal fluid in groups of 3 or 4 mice during a period of 15 months 
involving 64 passages. During this entire time the Rickettsia killed infected 
white mice uniformly in an average of 7 days. The occasional early death of a 
mouse was balanced by those that sur\dved slightly longer than the averagk 
Very rarelj’^ a mouse overcame the infection. An additional strain A No. 2 iso- 
lated in area A, was carried over 4| months in groups of 4 mice through 18 
passages. Again the mice died on an average of 7 days following infection and 
this strain showed no essential difference from the A No. 1 strain. 

In the small, highly endemic area C, 3 strains of Rickettsia in 3 attempts, were 
isolated from mites removed from rats (3). Additional attempts were invali- 
dated because of intercurrent bacterial infection which killed the mice short of 
the necessary time for rickettsial' infection to be determined. These 3 strains 
.proved highly virulent for mice. In 14 serial passages in groups of 4 mice 
death occurred on an average of 6 days following infection. One of these 3 strains 
C No. 11, was carried further over a 7 month period involving 35 passages. 
Again the mice died on an average of 6 days following intraperitoneal injection 
of infected material. 

In area D the bloods from 8 clear cut cases of scrub typhus were inoculated into 
groups of 3 mice each. All cases were febrile at the time of mouse inoculation, 
but the duration of illness at that time ranged from 2 to 16 days. Primary 
eschars were present in 4 while the site of attachment of the infected mite could 
not be foimd in the other 4. The total duration of fever varied from 9 to 21 
days, although the exact time could not be determined in 3 cases because of 
evacuation prior to defervescence. 

All 8 groups of mice became infected with Rickettsia orienialis. However, 
only 4 strains, D No. 1, D No. 2, D No. 3, and D No. 4, were suflBciently virulent 
to kill the mfected mice. The remaining 4 strains, D No. 5, D No. 6, D No.7, 
and D No. 8, produced an inapparent type of infection. None of these latter 
groups of mice appeared ill during the course of infection and none died. All but 
one mouse of the groups showing an inapparent infection survived a challenge 
dose of 1000 MLD of the virulent strain C No. 11 isolated in area C. Four con- 
trol mice inoculated at the same time died of rickettsial infection. The challenge 
dose was given one month following the initial blood infection and was repeated 
using 4 controls one month later with similar survival. The mouse that failed 
to survive the challenge dose was initially inoculated wnth blood drawn from 
patient D No. Son the sixteenth day of illness. It was assumed that blood taken 
late in the course of scrub t 3 ^hus W’^as non-infections for this animal although 
the other 2 in the group apparently became infected and developed immumty. 

Table 3 gives data on the 8 scrub typhus patients studied for Rickettsia ori~ ' 
enialis. Group I includes those 4 patients infected with Rickettsia sufliciently 
virulent to produce death in the mice initially following intraperitoneal injection' 
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of blood. Group II includes those 4 patients infected Aritli Rickciisia .of only 
sufficient Aurulence to produce an inapparent infection in wliite mice, as proven 
later by survival following a 1000 ISILD challenge dose of a wrulent strain, C 
No. 11. From a clinical standpoint, the two groups were similar; they all 
appeared moderately ill. Two in each group showed eschai-s and 2 did not. 
The day of disease on wliich the blood was taken roughlj’- corresponded in the 2 
groups and the total duration of fever was approximately'^ parallel as nearly as 
could be detei-mined. 

The 4 strains isolated in area D were carried bj’^ serial passage of infected peri- 
toneal fluid during a period of 5 months in a manner similar to that used for the 
other strains. Probably because of the prolonged duration of illness in mice, 
troublesome bacterial infection was encountered, particularly’^ in the D No. 3 


TABLE 3 

Data on eight patients studied for Rickettsia oricriialis in area D 


PATIENT 

ESenAE 

DAY OP DISEASE BLOOD TAKEN 

DUKATION op PEVEt 

Group I. Rickettsia isolated 




days 

D No. 1 

+ 

2 

10+ 

D No. 2 

+ 

6 I 

13 

D No. 3 

0 

S 

12 

D No. 4 

0 

11 1 

1 


Group II. Rickettsia not isolated : mice immune 

D No. 5 

+ 

4 

9 

D No. 6 

-1- 

6 


D No. 7 

0 

10 

17 

D No. 8 

0 

10 

21 


strain. T his necessitated passage of brain tissue, ground up with sulfathiazole 
crystals or penicillin, depending on the ty'-pe of bacteria, until such contaminant 
was eliminated. No contaminated passage was used in calculating the average 
duration of lickettsial infection. 

Although there was some individual variation between strains in the average 
day of death in mice follovdng intraperitoneal infection, all strains averaged at 
least 2 days longer than those isolated in area A, and 3 days longer compared 
to those from area C. In the latter case tliis represented a 50 per cent or 
greater prolongation of survival time. In 13, 15, 9, and 15 passages, the 
average day of death was 9.5, 9.0, 9.1, and 10 days respectively. 

To further demonstrate variation m virulence of strains from areas A, C, ^d 
D, titrations were made by diluting the standard passage material in physiological 
saline by integers of 10. Three-tenths cc. of each dilution was injected intra- 
peritoneally in groups of 4 or 5 mice. The 50 per cent mortality, MLDso, 
calculated according to the method of Feed and Muench (10), and the titre 
expressed as the logarithm of the dilution. In calculatmg this end point ai 
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deathis were considered to be due to Rickettsia orientalis when a peritoneal smear 
made at autopsy and stained with Giemsa’s stain showed characteristic organ- 
isms in the cytoplasm of the large mononuclear cells. 

The virulent C No. 11 strain from area C showed the highest dilution titre. 
The MLDso u'as 10 ~'^-“ as determined by a titration using 24 mice. The A No. 1 
strain showed an MLDeo titre of 10 “®-®, combining the results of 4 titrations in- 
volving 83 mice. Two strains from area D showed MLD 50 titres similar to the 
A No. 1 strain; in titrations using 39 mice each, the MLDso titres were 10“®-^ and 
10“®-®. However the other 2 strains, in titrations using 20 and 32 mice, ex- 
hibited MLDso titres of 10 “^-® and 10 “^-® respectively. 

Although the hlLDso titres graded from 10“^-® to 10“^.®, the maximum differ- 
ences were significant, as a variation of 2 or more log places represented a hun- 
dred fold or greater difference in dilution factor. Furthermore, it must be borne 
in mind that the 4 strains from area D used for titrations represented the more 
virulent ones involved in the outbreak. The less virulent strains produced only 
inapparent infections in the inoculated mice. 

To determine whether the lower MLDso titres observed were due to merely 
lack of infection, or to inapparent infections from which the mice recovered, 
many of those survi-ving were given challenge doses of 1000 MLD of strain C 
No. 11 . Forty-six mice survived the titrations carried out on the 4 strains from 
area D. Of these, 41 were subjected to challenge doses of 1000 MLD and all 
survuved. A total of 28 control mice received similar infectious doses and all 
died of rickett-sial infection. This indicated that mice sur-vi-ving the original 
titration doses underwent an inapparent type of infection vith subsequent im- 
munity. 

TiTien the minimal infectious dose of Rickettsia for the strains from area D was 
calculated by combining the number of mice proven to be infected at autopsy 
with those proven to be infected by survival of challenge doses of purulent Rick- 
ettsia, it was found to closely approximate the MLD50 titre for the vinilent C 
No. 11 strain. Consequently it should be concluded that the differences in 
MLD50 titres observed between the various strains was on the basis of lethal 
virulence and not due to lack of infectiveness. 

To determine the nature of inununity of the mice sun’-hung challenge doses, 

- the brains of a group of 4 mice initially infected 2 to 10 months previously and 
challenged one month previously were emulsified in saline and injected intra- 
peritoneally into groups of 4 mice each. Members of all 4 groups died of rickett- 
sial infection. This procedure was repeated on another group of 4 mice infected 
initially 3 months previously’- and challenged 2 months pre'^’iously. Again all 
groups showed positive smears for Rickettsia orientalis. One of the strains iso- 
lated following intraperitoneal injection of emulsified brain, was carried for 5 
passages and soon developed the characteristics of C No. 11 , Idlling the mice in 
6 days on the fourth and fifth passages. This was interpreted to indicate that 
the normal lack of resistance of mice was initially altered in some way’^ so that they 
were able to tolerate an infection similar to the inapparent type seen in the -^rild 
rat which is a natural resen’^oir of scrub typhus. Table 4 .summarizes the strain 
passages and titrations described. 
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In general laboratory workers have found that guinea pigs react in an irregular 
manner to intraperitoneal injections of liickcUsia oricntalis. The fever curves 
frequently are non-specific and the mortality is low, varying from none to 50 
per cent or more. In a study on about 1000 guinea pigs, Kouwenaar and Wolff 
(11) found a characteristic fever in 3 of 30 strains and varying mortality in these 
animals. ' 

The strains of Rickettsia isolated in areas A, C, and D seemed to show differ- 
ences in virulence when inoculated intraperitoneally into guinea pigs, although 
relatively small numbers of animals were used. The inoculum was the same in 
all animals; 0.5 cc. of a 1 : 10 saline dilution of infected mouse peritoneal washings. 
Rectal temperatures were taken twice daily and plotted in graphic form. There 
was marked normal variation, with temperature as liigh as 103.2°F. On death 


TABLE 4 

Summary of passages and titrations of strains of Ricl:cttsia oricntalis in white mice . 



PASSAGES 

TITKATrONS 

Period o( 
observation 

No. of passages 

Aver, day of 
death 

Number of mice 
used 

MLDh 

Area A 






A No. 1 

15 mo. 

64 

7 

83 

10-5 .« 

A No. 2 

4.6 mo. 

18 

7 



Area C 






C No. 11 

7 mo. 

35 

G 

24 

10-I.5 

Area D 






D No. 1 

5 mo. 

13 

9.5 

32 

10-«.5 

D No. 2 

5 mo. 

16 

9.0 

39 

lO-'-T 

D No. 3 

5 mo. 

9 

9.1 

39 

10-6 .« 

D No. 4 

5 mo. 

15 

10.0 

20 

10-5.5 


of the animal the gross anatomical changes w'ere observed to be similar to those 
previously described (11), and Giemsa stained smears of the peritoneal avudate 
consistently revealed organisms characteristic of Rickettsia. 

The strain isolated from area C produced the most severe reaction in guinea 
pigs. Of a group of 10 animals infected with C No. 11, 70 per cent show'ed fever 
above 104°F. and the mortality was 90 per cent . A No. 1 strain produced an 
intermediate type of reaction in a total of 20 animals observed. The fever curves 
were irregular with little or no pyrexia above 104°F. and there was 60 per cent 
fatality. The D No. 1 strain, isolated in area D, produced a milder tj^e of re- 
action in guinea pigs. Again the fever curves were irregular, but of 10 animals 
inoculated, only 30 per cent died. 

To show that the various strains studied were homologous in nature, varying 
only in virulence, without true heterolo^, cross immunity tests were carried 
out in a small number of rabbits according to the method of Lewthwaite and 
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Savoor (6) as taken from Nagayo et al. Infective material, when injected into 
the anterior chamber of the eye, produced a characteristic irido-cyclitis following 
an incubation period. Subsequent to the initial infection, these rabbits were 
immune to intraocular injection of an homologous strain in the opposite eye. 

Typical ocular reactions were demonstrated in 6 rabbits infected vith the A 
No. 1 strain. The incubation period averaged 4.5 days and the acute reaction 
lasted on an average of 20 days. The D No. 1, D No. 2, and D No. 4 strains also 
produced satisfactoiy ocular reactions, although milder in nature, in 3 rabbits. 
The incubation period was prolonged to an average of 9 days, wMle the length 
of the reaction averaged 12 daj’^s. 

The D No. 1, D No. 2, and D No. 4 strains were injected intraocularly into 
groups of 2 immune rabbits, vdth one simultaneous control as indicated above. 

TABLE 5 


RicketLsia orientalis in guinea pigs and rabbits 



AREA A 

AREA C 

AREA D 

Reaction in guinea pigs following intraperi- 
toneal injection 

No. of guinea pigs 

20 

60 

Irregular 

10 

90 

70 per eent 

10 

30 

Irregular 

Mortality in per cent 

Fever above 104° F 


Intraocular infection in rabbits 

Incubation period (days) 

4.5 (6 rabbits) 
20 


9 (3 rabbits) 
12 

Duration of reaction (days) 



In none of the 6 rabbits was there any ocular reaction due to Ricketisia orientalis. 
Thus the cross immunity of the strains isolated in areas A and D was indicated, 
although the A No. 1 strain produced a more severe reaction. Studies on the 
D No. 3 strain were invalidated because of secondary bacterial contamination. 
Table 5 smnmarizes the laboratory studies on guinea pigs and rabbits. 

DISCUSSION 

It is believed that the clinical data presented on the cases from area A repre- 
sents an average picture of scrub typhus in the New Guinea area,- although there 
are notable exceptions in small outbreaks. On the other hand the large per- 
centage of mild cases in area D is unusual. 

The knoivn factors which influence the severity and mortality in patients ap- 
pear to be similar in the different groups of troops observed. It cannot be said 
that the forces in area D were living or fighting under more adverse conditions 
than those in other areas. Indeed, 2 of the 8 fatal cases of scrub typhus in area 
D were complicated with malaria and dysentery. 

Previous to the experience in area D it was thought that Rickettsia orientalis 
was almost constantly fatal for mice. In area D, 4 of the 8 strains failed entirely 
to kill groups of mice and, on further study, the other 4 somewhat more vuulent 
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strains produced milder infections in laboratory animals than strains isolated in 
other outbreaks. 

On the basis of these clinical and laboratory observations it can be stated that 
the variation in severity of attacks of scrub t 3 ’^phus may be ascribed in part to 
variation in the virulence of strains of Richeitsia orimialis. Such a variation is 
knovm to occur in other rickettsial diseases. 

SUMMAJIY 

1. Clinical data are presented on one small and 2 large outbreaks of scrub 
typhus which occurred in 3 different geographical locations in the SWPA and 
which showed variation in the severity of illness. 

2. Representative strains of the causative agent, Rickeltsia orienlalis were 
isolated in white mice from cases in the 3 areas and produced typical re- 
actions in white mice, guinea pigs and rabbits. 

3. Strains isolated from cases in an outbreak with an extremelj’’ low mortality 
rate were less virulent for laboratory animals than strains isolated from cases in 
two other outbreaks wth higher mortality rates. 
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VTien Bullis fever was first reported as a distinct clinical entity by Woodland, 
McDowell and Richards (1), and as a disease having a rickettsia-like agent as its 
probable cause (2, 3), there was some question as to its identitj’’ \^•ith the other 
known arthropod-borne disease agents. There did not appear to be any relation- 
ship between the s3mdrome of Bullis fever and the agents of Q fever, typhus and 
Rocky hlountain spotted fever either by animal inoculations or by available 
serological procedures (4); however, there did appear to be some serological rela- 
tionship between an agent isolated from a case of Bullis fever and a large number 
of convalescent cases of the disease. Blair and Bader (5) demonstrated the in- 
fecti\dty of guinea pig propagated strains of Bullis fever for humans. The Q fever 
agent has not been isolated bj’’ this laboratory from any case of Bullis fever, 
although manj’’ guinea pigs have been inoculated with blood specimens from 
natural cases of the latter disease. Fifty-six guinea pigs have been inoculated 
with tick emulsions of over 10,000 ticks {Amhlyomma americanum), AAith indi- 
vidual pools ranging from 45 ticks to 1,409 ticks, and neither the Q fever nor the 
Rocky Mountain spotted fever agent could be detected in any of them. Parker 
and Steinhaus (6) report on the isolation of a filterable agent from rabbit ticks 
{Haemophysalis Icporis-palmtris) which were collected at Camp Bullis. No 
age'nt similar to this has been isolated in this laboratoiy from any of the human 
cases of Bullis fever, nor from any of the tick emulsions (A. americanum) which 
were inoculated into guinea pigs. 

The Bullis fever syndrome is characterized bj’’ a sudden onset of severe frontal 
headache and fever; then leucopenia, lymphadenitis (regional or generalized), 
and generalized aches and pains are noted. The leucopenia e.xhibits a relative 
neutropenia and lymphocytosis. Occasionally a somewhat evanescent rash is 
observed; this might be called a skin flush by some obseivers. All of the cases 
have had a history of exposure to ticks (Aviblyomma americanum) ; however, not 
aU of the cases have been exposed to chiggers {Exitromhicula alfreddtigesi). 

This disease was described originally in men who had been exposed to ticks in 
Camp Bullis, Te.\as, whence came the name. At the time there was no logical 
reason why this disease should be confined in its incidence to the vicinity of Camp 
Bullis. The Amhlyomma americanum tick is distributed rather generally from 
this part of Texas to the East and North and has been reported from the New 
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England States (7). Several cases of illness clinically similar to Bullis fever 
have already been reported to us from East Texas. 

A thorough ecological survey of the Camp Bullis Reservation by Brennan (8) 
revealed a multitude of ectoparasites. The principal ones affecting man were 
tides (A. americanum) and chiggers {B. alfreddiigesi). Mosquitoes, sandflies 
and redu-viid insects were rarely obsenmd. The reservation abounded in deer, 
jack rabbits and armadillos; in addition, there were some gray foxes, racoons, 
fox squirrels, opossums, ground squirrels and cotton rats. 

EXPERIMENTAL STUDIES 

In order to acquire some information as to the nature of the Bullis fever syn- 
drome and its etiology, a number of experiments were performed in which human, 
male volunteers were inoculated with: 

T. Whole blood from natural cases of the disease. 

2. A chick embiyo propagated agent which was derived from the blood of a 
natural human case of Bullis fever. 

3. A chick embryo propagated agent Avhich was derived from emulsions of 
ticks (A. amencanum) which were collected from deer at Camp Bullis, Texas. 

4. Bullis fever agents of both human and tick origins, to determine their im- 
munological relationship. 

5. Laboratory strains of Bullis fever to challenge the immunity of natural 
cases of the disease. 

6. The agent of Colorado tick fever® to study the immunological relationship 
to BuUis fever. 

A complete history was recorded from each indi'vidual volunteer; especially 
concerning his previous habitation and disease experience. No volunteer was 
selected who had ever lived in the ■vicinity of Camp Bullis, Te.xas, or who ever 
had an unexplained febrile illness, or who had any known experience with tick 
infestation. The volunteers were given a thorough physical examination and 
only those who were essentially normal were submitted to the procedures which 
are described below. 

All of the inoculums which were employed were examined by culture on thio- 
glycollate medium, blood glucose cystine agar and blood plates and were all 
negative for detectable bacterial organisms. 

I. Whole blood transmission experiments 

Wh.ole blood was collected aseptically from two typical naturally acquired 
cases of Bullis fever (W. C. and W. F. M.). The blood was collected immedi- 
ately after admission to the hospital and was stored in the dry ice chamber for 
two days. The two specimens of blood were then thawed and injected (1.0 
cc. subcutaneously), each into a healthy volunteer. 

These men were subsequently examined at daily intervals vith thorough physi- 
cal and hematological studies (Chart II). 

® Yfe are indebted to Dr. E. R. Mugrage, University of Colorado School of Medicine, 
Denver, Colorado, for his kindness in supplying us with hamster serum infected with the 
Colorado tick fever agent. 
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Case I (G. R.) was inoculated with blood from case W. C. and he began to feel 
ill on the fourth day. There developed a generalized l 3 Tnphadenopathy, fever, 
a relative leucopenia, generalized aches and pains and a severe headache — all 
of the sjunptoms consonant with clinical BuUis fever infection. In addition, a 
marked generalized rash developed on the eighth day of illness and disappeared 
on the following day. TVTiole blood was collected from this case on the 4th day 
of illness and the serum from half of itwas filtered through aSeitz E K filter pad.® 
The w'hole blood and the filtrate of its serum were thereupon each inoculated 
into one healthy volunteer. Cases IV and V. 

CHART I 


Clinico-palhological reactions of ten cases of experimentally induced Bullis fever 


CASE 

ACT. 

IKOOTLtrU 

nijooo c 

Or/f. 

3UKTS 

Rela- 

tive 

Lcuko~ 

penia 

1 

nE AD- 
ACHE 

LYITPH- 

ADENO- 

HATHY 

CEN. 

ACHES 

AND 

PAINS 

HASH 

I. G. R 

21 

Blood of W. C. 

8,600 

5,600 

+ 

+ 

+ 

+ 

+ 

II. A. B 

35 

Chick Embryo 










(Human Strain) 

9,700 

4,600 

+ 

+ 

+ 

+ 

— 

III. J. M. K 

21 

Chick Embryo 










(Human Strain) 

10,550 

5,800 

db 

+ 

+ 

+ 

— 

rv. B. M 

25 

Serum Filt. of I. 

7,600 

5,000 

+ 

+ 

+ 

+ 

— 

V. A. I 

21 

Blood of I. 

10,900 

6,600 

dz 

+ 

+ 

+ 

— 

VI. A. P. R 

18 

Blood of W F.M. 

6,200 

5,400 

db 

+ 

+ 

+ 

— 

yii. J. G 

18 

Chick Embryo 










(Human Strain) 

7,600 

5,350 

+ 

+ 

+ 

+ 

— 

vni. E. H 

22 

Chick Embryo 










(Human Strain) 

7,700 

5,250 

+ 

+ 

+ 

+ 

— 

IX. V. J 

17 

Chick Embryo 










(Tick Strain) 

9,850 

4,800 

+ 

+ 

+ 

+ 

— 

X. E. N 

19 

Chick Embryo 










(Tick Strain) 

7,000 

3,200 

+ 

+ 

+ 

+ 

— 

XI. C. S 

21 

Chick Embryo 










(Normal) 

9,000 

None 


— 

— 

— 

— 


Case IV (B. M.). This volunteer was inoculated with Seitz E K filtrate of 
the serum of Case I — 3.0 cc. subcutaneously. Six days after he was inoculated, 
this patient complained of severe headache, generahzed aches and pains. He 
demonstrated a fever, enlarged lymph nodes, and a relative leucopenia. This 
discomfort persisted for six days and then recovery was spontaneous. 

Case V (A. I.). This volunteer was inoculated with whole blood from Case I, 
1.0 cc. subcutaneously. Eight days after inoculation, this patient began to com- 
plain of headache, generahzed aches and pains, and he demonstrated a mild 
fever. His lymph nodes were enlarged and a reduction in white cell count could 
be traced. This condition persisted for seven days after which he recovered 
spontaneously (Chart II). 

• The filter pad employed in this experiment was not subsequently checked for accuracy.' 
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Case VI (A. P. 11.) was inoculated (1 .0 cc. subcutaneously) with whole blood 
from W. F. M. The inoculum induced a mild febrile response and an insignifi- 
cant relative leucopcnia; however, he did manifest generalized l3'mphadeDopathy, 
generalized aches and pains, and severe headache (Chart I). 

Thus, the disease is transmissible to healthy voluntcei-s via the blood of in- 
fected individuals, and is transmissible through more than one generation of 
transfers. The agent was filtered through a Seitz E K filter pad in one attempt. 



* WHITE Bl.000 CELL COUNT 
K-T.-WORnAL TEMPERATURE 


Chaht II. Serial passage, BulHs fever 

II. Transmission of chick embryo propagated Bidlis fever agent of Jmman 

origin 

Whole blood was collected from a febrile case of Bullis fever (J. G.) and it was 
inoculated into eight white mice, 0.25 cc. intraperitoneally. Nine days later the 
mice were destroyed and emulsions of their spleens were inoculated into eight 
additional mice. After eleven days the spleens from these latter mice were 
emulsified in alundum and saline and inoculated (0.5 cc.) into the yolk sacs of 
seven-day-old cliick embryos. Subsequent serial passages. of yolk sac emulsions 
were made into five or six-day-old chick embryos at six-day intervals and 
incubated at 35°C. The inoculums from all transfers were cultured in blood 
glucose cystine agar, thiogly collate broth and blood plates; in no instance 
was any bacterial agent detected. Smears were made of the yolk sacs and 
small cocco-bacillary bodies were observed, staining blue or red with the Machia- 
vello stain and blue with the Giemsa stain. These bodies varied considerably 
in concentration, ranging from very numerous to relatively scarce in numbers. 
They were not observed to be intracellular. 
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The yolk sacs from the sixth passage of this human strain were emulsified wih 
alimdum and saline and were then inoculated into the culture media listed above. 
The remainder of the inoculum was stored in the dry ice chamber. No detect- 
able bacterial groui.h was observed after five days; so the inoculum was thawed 
and 1.0 cc. of it was inoculated subcutaneously into each of two healthy volim- 
teers. 

Casell (A. B.). (Chart I) No local reaction ensued at thepointof inoculation. 
Six days after iuoculation this patient developed a severe frontal headache, gen- 
eralized malaise and a progressive leucopenia (Chart III). This condition per- 
sisted for eight days and recovery was spontaneous. 



« V/HITE BLOOD COJ. COUNTS 


Chart III. Challenge experiments -with experimental cases of Bullis fever 

Cose III (J. M. K.). No local reaction developed at the point of inoculation. 
Four days after the inoculation was made this patient started to complain of 
generalized discomfort, headache, and a mild fever was noted. The superficial 
lymph nodes became generally enlarged and a relative leucopenia could be 
traced (Chart III). This patient remained ill for six days and recovered 
spontaneous!}’’. 

Ca^eVII (J . G.). After the agenthad been passaged through eleven generations 
in chick embrj’-os, a yolk sac emulsibn of this passage was inoculated into one 
healthy volunteer (1.0 cc. subcutaneously). There was no local reaction at the 
point of inoculation. Four days after inoculation, this patient complained of a 
severe headache, generalized malaise and fever (Chart III). This was followed 
on the next day bj’’ generalized lymphadonopath}' and a leucopenia. The illness 
persisted for seven days and recover}' was spontaneous. 












180 


POLLARD, LIVESAT, 'WILSON AND -WOODLAND 


Case VIII (E. H.)^ After the agent had been passaged through twenty series 
of chick embryos, the yolk sacs were emulsified and 1.0 cc. was inoculated sub- 
cutaneously into a volunteer. There was no subsequent local reaction. Four 
days after inoculation, this patient complained of ha-dng generalized aches and 
pains. The l3miph nodes were enlarged. The patient was febrile and developed 
a leucopenia (Chart IV) and lymphocytosis. This illness persisted for eight days 
and recovery was spontaneous. 

CaseXI (C. S.). A control inoculation was made usingayolk sac emulsion from 
normal twelve-day-old chick embryos. The volunteer was inoculated mth 1.0 
cc. subcutaneously. There was no local reaction at the point of inoculation, and 



» WHITE BLOOD CELL COUNT 
^i.T.-NOFIn^L TEnPERATURE 


Chart IV. The cross relationship between Bullis fever strains of human and tick origin 

neither fever nor symptoms, nor leucopenia, developed subsequent to the inoc- 
ulation (Chart V). 

Thus, an agent, which originated from the blood of a natural case of Bullis 
fever, was propagated on the yolk sac of the developing chick embryo through 
twenty serial passages, and was still infective for human volunteers after these 
passages. A normal yolk sac emulsion failed to induce any reaction. 

III. Transmission of chick embryo 'propagated Bullis fever agent of tick origin 

Three hundred and thirty-seven ticks (A. americanum) were collected from a 
deer which was shot in the Camp Bullis Reservation. The ticks were killed by 
freezing in a deep freeze (— 10°C.); they were then washed three times with ster- 
ile saline, emulsified with alundum and saline and then inoculated into white mice 
(0.5 cc.) by the intraperitoneal route. After ten days, the mice wei'e destroyed 
by ether and emulsions of their spleens were transferred to eight mice by the 
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intraperitoneal route. These latter mice were then destroyed after ten days and 
their spleens were emulsified and inoculated into the yolk sacs of six-day-old 
chick embryos. Yolk sacs were transferred in series every six days for twelve 
generations. The chick embryos were incubated at 35“C. after inoculation. 
There was no increase in virulence of this agent for chick embryos, as few of them 
died after inoculation. Smears of the yolk sacs demonstrated varj^ing concen- 
trations of small cocco-bacillary bodies which were similar morphologically to 
those bodies which were observed in the chick embryo yolk sacs vdth the BuUis 
fever strain of human origin. 

CaseIX (V. J.). One healthy volunteer was inoculated with ayolksac emulsion 
of twelfth-generation tick strain Bullis fever — 1.0 cc. subcutaneously. This 
patient subsequently developed fever, headache, generalized aches and pains, 



Chabt V. Normal yolk sac control 

lymphadenopathy, and relative leucopenia on the third day after the inoculation. 
This condition persisted for seven days and recovery was spontaneous (Chart IV). 

Case X (E. N.) was inoculated with a yolk sac emulsion of fourth-generation 
tick strain Bullis fever, 1.0 cc, subcutaneously. This inoculum had been stored 
in the dry ice chamber for 39 days before inoculation. There was no subsequent 
reaction at the point of inoculation. Five days after inoculation, this patient 
started to complain of generalized discomfort and severe headache. He was 
febrile and the superficial lymph nodes were enlarged. A leucopenia and lympho- 
cytosis was traced during the course of the disease (Chart IV). The illness per- 
sisted for five days and then was followed by complete recoveI 3 ^ 

Thus, an agent which originated in ticks (A. amcricanwn) from Camp Bullis 
was propagated in the yolk sac of the developing chick embrj’o through twelve 
serial passages, and was still infective for human volunteers after this sequence of 
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passages. The clinical syndrome which was induced by this agent was similar 
to that which was induced by the human strain. 

IV.. The immunological relationship between fheBullisfeva- agents of human 

and of tick origin 

After one month of convalescence from infection vith the chick emblem prop- 
agated human strain of Bullis fever, one patient (Case VII, J.G.) was challenged 
with the tick strain of Bullis fever agent and a new volunteer (Case X, E. N.) was 
inoculated as a control. Each person was inoculated vdth 1.0 cc. of a yolk sac 
emulsion of the agent. Subsequent examinations of these two men showed that 
the challenged individual remained unaffected while the control developed a 
fypical Bullis fever S3Tadrome (Charts IV and I). 

After one month of convalescence from infection with the chick embiyo prop- 
agated tick strain of Bullis fever, one patient (Case IX, V. J.) and a new control 
volunteer (Case VIII, E. H.) were each inoculated subcutaneouslj’' vith 1.0 cc. 
of the chick embryo propagated human strain of Bullis fever. Subsequent ex- 
aminations of these two men revealed that the challenged individual remained 
unaffected, while the control developed a typical Bullis fever syndrome (Chart 
IV). 

Thus, the tick strain and the human strain of Bullis fever agents both induced a 
similar and typical Bullis fever syndrome in the inoculated susceptible indi- 
viduals. They immunized against each other showing that the two strains are 
the same agent. 

V. Challenge expenmenis of naturally acquired cases of Bullis fever with laboratory 

propagated strains of the agent 

Two men (J. G. and W. F. M.) who had contracted Bullis fever while visiting 
at Camp Bullis, Texas, volunteered to undergo a series of challenge experiments. 
These two cases originally manifested fever, leucopenia, generalized malaise, 
lymphadenopathy and both had a liistory of tick bites while at Camp Bullis. 
A strain of Bullis fever agent was isolated from one case (J. G.), which is reported 
in experiment II above. 

About one month after recovery from Bullis fever, each man was challenged 
with the chick embryo propagated human strain of Bullis fever — 1.0 cc. of yolk 
sac emulsion subcutaneously. Daily examination of these men failed to detect 
any deleterious effect from this challenge experiment (Chart VI); however, the 
control for this inoculum (Case VII, J. G.) developed a typical infection vith 
relative leucopenia, lymphadenopathy, generalized aches and pains, headache 

and fever (Chart VI). _ 

Thus, convalescent cases of the naturally acquired disease are immune to tlie 

chick embiyo propagated strain of Bullis fever of human origin. 

VI. Immunity experiments loith Colorado tick fever 

Two men, who had developed the Bullis fever ssmdrome after being inoculated 
with a yolk sac emulsion of human strain Bullis fever (Cases II and III), and one 
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man, with the second generation human blood transmission (Case V), were 
challenged with a yolk sac emulsion of human Bullis fever strain (1.0 cc, subcut- 
aneously). A new volunteer (Case VII, J. G.) was also inoculated ivith this 
material for control purposes. All of the challenge experiments showed immun- 
ity to the disease agent and the control volunteer developed the Bullis fever 
syndrome (Chart III). 

Three weeks after the Bullis fever challenge inoculations described above, each 
volunteer was inoculated with Colorado tick fever infected human blood. All of 
them developed the latter disease with generalized aches and pains, characteristic 
fever curve and severe headache (Chart III). 



^ WHfTE BLOOO CCLL COUNT 
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Chart VI. Challenge experiments with natural cases of Bullis fever 

One patient (W. F. M.) who had recovered from a naturally acquired infection 
with Bullis fever and who subsequently demonstrated immunity to the laboratory 
propagated human strain of Bullis fevCrwas also challenged with Colorado tick 
fever infected hamster serum. This patient developed a typical case (9) of Col- 
orado tick fever, with leucopenia, severe headache, generalized aches and pains, 
and high fever (Chart VI). 

Thus, immunity is demonstrated between the Bullis fever agent which was 
transmitted ivith whole blood and the yolk sac propagated agent of human origin. 
There is no relationship between the human strains of Bullis fever and the Col- ' 
orado tick fever agent. 

DISCUSSION 

On the basis of the information herein reported, it is established that Bullis 
fever is a transmissible clinical syndrome which can be reproduced by transferiing 
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blood from a case of the disease to a normal individual, and that it can be main- 
tained in series. 

An agent which originated from the blood of a natural case of Bullis fever was 
propagated through twenty generations of chick embryo passages and its presence 
was then demonstrated by reproducing the disease in human volunteers by sub- 
cutaneous inoculation. This chick embi-yo propagated agent induced a disease 
of somewhat diminished severity when compared to the natural cases of the 
disease. This might be due to increased adaptation of the agent to avian tissues, 
although the virulence for chick embryos -was not increased appreciably through 
repeated passages. Since the agent can be propagated in the cliick embryo, an 
immimizing agent might be developed for future control of the disease. 

An agent which originated from ticks (A. americanum), which were collected 
from deer at Camp Bullis, Texas, was propagated in the yolk sac of the developing 
chick embryo for twelve generations and it then induced a disease in volunteers 
•which was indistinguishable clinically from that of natural cases and that of the 
Bullis fever strain of human origin. The disease was not actually reproduced by 
tick bites but by an agent which originated in tick emulsions. It would have been 
more accurate if feeding ticks had reproduced the disease, since the agent might 
have been resident passively in the ticks. However, the natural cases of the 
disease have histories of tick bites. 

The critical phase of the problem was to determine the relationship of the chick 
embryo propagated Bullis fever strain to convalescent naturally acquired cases 
of the disease. Two such cases were challenged -with the Bullis fever infected 
chick embryo material and they were immune; the inoculated control developed 
the disease. Apparently, there is a distinct immunological relationship between 
the agent isolated and the agent responsible for the natural cases of the disease. 

Since no relationship could be detected between Bullis fever and the other 
kno'wn rickettsial disease agents, attention was directed toward Colorado tick 
fever, a disease which appears to be tick-borne and which is characterized by a 
low white blood cell count. In recent reviews of reports on Bullis fever (10), 
there is expressed, parenthetically, by the reviewer the opinion that Bullis fever 
might be related to Colorado tick fever. Challenge experiments with the Colo- 
rado tick fever agent in immune Bullis fever volunteers, both naturally acquired 
and experimentally induced cases, failed to demonstrate any relationship between 
these two diseases. Since the agent was filterable on only one attempt, it would 
be premature to make any definitive classification of the agent without additional 
studies. The agent appears to approximate in size the elementaiy body agents 
such as ornithosis more than it does the typical rickettsiae. The small cocco- 
bacillary bodies which were observed microscopically -anre so variable in occur- 
rence as to suggest that some improvements w^ere indicated in the technique of 
propagation. These small cocco-bacillary bodies did not appear to be the natural 
inclusion bodies of the chick emblem yolk sacs as described by Pappenheimer (11), 
as they were not noted by us in the controls and they are reported to be relatively 
scarce in embryos which are less than twelve da 5 '^s old. 
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All of tbe volunteers were examined serologically prior to and subsequent to 
their respective inoculations. They wore examined by the complement-fixation 
test for Alurinc typhus, Rocky IMountain spotted fever, Q fever and lympho- 
granuloma venereum. Agglutination tests were also made on these serums for 
Proteus OXis, Proteus OX2 and for the hetcrophile antibody. All of these 
e.xaminations were negative. 

Since the agent of Bullis fever has been found to exert a low degree of virulence 
in the laboratoiy' animals thus far employed, it seems that the most accurate 
method for determining the presence of the agent is by human inoculation. The 
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Chabt VII. Average diflorential and total white blood cell counts, six cases experimental 

bullis fever 


clinical syndrome of naturally acquired cases is rather clear; especially if asso- 
ciated with tick bites. The disease syndromes induced by the laboratory prop- 
agated human and tick strains of Bullis fever were indistinguishable from that 
of the naturally acquired infection. 

The leucopenia reaches its lowest point at approximately eleven days after 
inoculation (Chart VII), and this point is generally followed by recovery of the 
patient. There was noted an increase in large mono-nuclear cells early in con- 
valescence which were similar to the transitional type cells described in dengue^ 
scrub typhus and other diseases which are characterized by a leucopenia. As the 
disease progressed in severity, many lymphoid cells were noted which contained 
minute cocco-bacillary bodies, in some instances somewhat similar to azurophilic 
bodies. In some instances these bodies were noted in the nuclear material as 
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well as the cytoplasm. They were not similar to the coccoid bodies which have 
been described in Colorado tick fever (9). 

SUMMARY 

From the results tabulated in this report the following conclusions may be 
made: 

1. The Bullis fever syndrome is a distinct clinical entity w^hich may be re- 
produced in humans by the inoculation of blood from febrile cases of the disease. 

2. The Bullis fever agent from the blood of febrile cases has been propagated 
on the yolk sac of the developing chick embryo. The yolk sac propagated agent 
reproduced the Bullis fever syndrome in humans after tw'enty serial transfers in 
the yolk sae. 

3. The Bullis fever agent has been isolated from tick emulsion (A. americanum) 
from Camp Bullis, and has been propagated in the yolk sac of the developing 
chick embryo. After the agent was propagated for twelve generations on the 
yolk sac of the developing chick emblem, it reproduced the Bullis fever syndrome 
in the human. 

4. The immunological responses induced by natural cases of disease by the 
blood propagated yolk sac strain and by the tick propagated yolk sac strain are 
the same. 

5. There is no immunological relationship between the agent of Bullis fever 
and the agent of Colorado tick fever. 
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A NEUEOTROPIC VIRUS ISOLATED FROM AEDES MOSQUITOES 
CAUGHT IN THE SBMLIKI FOREST 

K. C. SMITHBURN, A. J. HADDOW AND A. F. RL^HAFFY* 

From the Yellow Fever Research Institute, Entebbe, Uganda^ 

An outbreak of yellow fever occurred in Bwamba County Uganda in 1941, 
during which yellow fever vu*us was isolated from a human case and from Aedes 
simpsoni mosquitoes (1). Although that mosquito was clearly implicated as the 
vector in man, information obtained at that time and in earlier studies (2, 3) 
clearly pointed to an association of yellow fever with the forest. Since Aedes 
simpsoni occurs in the Bwamba forests only at the extreme edges, this indicated 
that it might not be the only insect involved in the epidemiological picture. An 
intensified field investigation was accordingly imdertaken, one of the objectives 
being to learn whether other insects, especially those of the forest, might be im- 
plicated. Although mass immunization of the human population was meantime 
carried out, vith resultant high incidence of immunity to yellow fever (4), the 
virus of that disease was again isolated from mosquitoes in 1942 and in 1944. 
Moreover 3 other viruses were isolated as well, one in September 1942 (5), a 
second in September 1943 and a third in April 1944 (Smithburn and Haddow, to 
be published). The purpose of the present communication is to record the isola- 
tion and describe some of the properties of the second of these, a neurotropic 
-^drus probably hitherto imlcnown. 

The virus was isolated in September 1943 from a large lot of Aedes mosquitoes 
caught in an area in the Semliki Forest, known as Bunyamwera, hence the name 
provisionally adopted — Bunyamwera virus. A description of Bwamba County 
and of the Semliki Forest has already been written (6) so that it is necessary here 
only to discuss the mosquitoes from which the virus was isolated and to record 
the relevant facts about the locality where the insects were caught. 

BU^'YiV?^rWERA III AKD THE MOSQUITO CATCH 

There are 3 separate areas in Bwamba known as Bunj’amwera. That %rith 
which we are concerned — ^Bunyamwera III — lies at the confluence of the Lamia 
and Semliki rivers and is uninhabited. The nearest legalh' inhabited area is 
about 6 miles to the south, but at the time of the mosquito catch in quc.stion, there 
was a small illegal fishing settlement of about 12 individuals across the Semliki 
River on the Congo shore. The area covercd by the catch was about H square 
mile. 

Flooding from the Semliki has killed off much of the hardwood timber of 
Bunyamwera and this has been i-eplaced by a second gronlh of acacia, oil palm 
and wild date palm, though where the banks arc high the primaeval rain forest 

‘ Staff Members of the International Health Division, Rochefcllcr Foundation. 

‘This Institute is supported jointly by the Medical Department of the URanda Protec- 
torate and the International Health Division of The Rockefeller Foundation. 

iS9 



190 


K. C. SmTHBURN, A. 3, HADBOW AND A. F. MAHAFFT 


reaches the river. This forest consists mainly of the African ii'cnwood {Cyno- 
tncira alexandri C. H. Wright), a tree wliich in Bwamba forms a light, closed 
canopy at 50-80 feet. In such ironwood forest the undergrowth is veiy dense 
and forms a secondary canopy at 12-16 feet, in the shade of which mosquitoes of 
many species abound. During most of the yea,i' the ground is water logged and 
the numerous game paths form chains of muddy pools, well suited to the needs of 
ground'pool-breeding mosquitoes. 

The Semliki River at Bunyamwera cannot be considered as a complete barrier 
to animal migration. Though it is deep and rapid and perhaps 150 3 'ards wide, 
snakes have twdee been seen to cross from the Congo shore. But the monkey 
fauna of the Congo bank comprises the grey or grivet monkej^ — Cercopithecus 
aeihzops cezztrahs Neumann — ^and the red-tailed guenon — Cercopifhecus nicCiCans 
mpangae Matschie — w^hile on the Uganda side the dominant species are the black- 
and-white colobus — Colobus polykonws wlhnsis Matschie — and the black man- 
gabey — Cercocebus albigena johnsioni (Lydelclcer). This seems to indicate that 
primates, at least, do not cross the river. The other common animals of Bun- 
yamwera are the red or forest buffalo, the elephant, the hippopotamus, the giant 
forest hog, the Uganda red hog, the harnessed bushbuck, the leopard and the 
crocodile. 

The mosquito catch concerned was carried out on 5 successive days, 5,345 
female mosquitoes being taken during this period. Of these, 5,133 were sent 
to the Institute at Entebbe. It has been our e.vperience that in the Semlild 
Forest the majority of mosquitoes taken biting belong to the genus Aedes, wdiile 
Culex spp. predominate in catches of resting mosquitoes in the undergrowth. 
Bunyamwera proved an exception, and Aedes spp. predominated in catches of 
both types. 

The lot from which the virus was isolated consisted of 4,114 Aedes, belonging 
to 14 species, namely: 


Aedes {Finlaya) ingrami Edw 1 

A. (Siegomyia) dc-boeri ssp. de-meilloni Edw 40 

A. (Aedimorphus) capensis Edw 3 

A. (A.) simulans N. and C 1 

A. {A.) argcnteopunclatus Theo 3 

A. (A.) mutilus Edw ^3 

A. (A.) domeslicus Theo 

A. (A.) tarsalis Newst. and 

' ^ _ _ « 


A. (A.) sp. n. near A. (A.) abnormalis Theo 

A. (A.) citmmirvsi Theo 

A. {Bankstnella) circumluteolus Theo 

A. (B.) palpalts Newst. and 

A. (B.) laeniarostris Theo 

A. (Dunnius) kiimmiEdvr 


It will be noted that gi-ouping has been resorted to in the case of one section of 
the subgenus Aedmorphns and one section of the subgenus Banksinclla. In 
these groups the females are not reliably distinguishable in life. The A. iarsahs 
group predominated in the ironwood forest and the Banksimlla spp. in the palm 
and acacia belt along the river. 


A NEUnOTKOPIC VIEtlS FROM AEDES MOSQUITOES 


191 


It is not possible to say from which of the above-mentioned species the virus 
was isolated. One of 2 colobus monkeys shot at Bunyamwera during the catch 
proved to be immune to the virus. As the colobus is a markedly arboreal monkey 
this at first suggested a tree-haunting mosquito as the most likely to be involved. 
None of theAedes fisted above is markedly arboreal, vdth the possible exception 
of A. ingrami, but several of them have occasionally been taken intreetop 
catches. On the other hand, tests on 40 additional monkeys from Bwamba have 
failed to reveal any more immune specimens. The distribution of human im- 
munity to the virus extends far into the open country of the Semliki plains north 
of the forest, and this seems to point to one of the Banksinella spp. as the most 
fikely to be implicated in transmission, as the other Aedes spp. represented in 
the catch are, in Bwamba, confined almost entirely to forested areas. 

The materials and methods employed in the laboratory and field investigations 
were the same as we have described in earlier studies (5, 7) and will be discussed 
here only as necessary in the individual experiments. 

ISOLATION OP THE VIRUS 

The 4,114 Aedes mosquitoes were received in the laboratory at Entebbe on the 
evening of September 19, 1943. On the following morning 15 of the insects were 
dead. These, together mth the 4,099 living, which were killed vith chloroform, 
were groimd in a mortar with 30 ml. of 10 per cent nonnal human serum® and spun 
for half an hour in the angle centrifuge at about 3,000 r.p.m. A small portion of 
the supemate was passed through a Seitz EK pad (previously washed \vith serum- 
saline), and the filtrate was used for the intracerebral inoculation of a group of 
6 mice.^ The remaining unfiltered supemate — ^21 ml. — was inoculated sub- 
cutaneously into rhesus monkey No. 400. 

The 6 mice receiving Seitz-filtered mosquito suspension remained well. Rhesus 
400 appeared well during the first 24 hours but was found in extremis 44 hours 
after inoculation; it was then bled, and mice were inoculated intracerebrally with 
its semm. The monkej'' died while being bled. A suspension was made from a 
portion of its fiver, and mice were inoculated intracerebrally vlth unfiltered and 
Seitz-filtered fiver supemate. The remaining fiver supemate (3.3 ml.), together 
with the remaining 2.4 ml. of semm, were inoculated subcutaneously into rhesus 
monkey 403. 

Rhesus 403 had fever 24 and 30 hours after inoculation and was bled for sub- 
inoculation. Rhesus 415 received 1.5 ml. of Seitz-filtered serum subcutaneously 
and a group of 6 mice received Seitz-filtered serum intracerebrally; the filtration 
was done in order to eliminate any bacteria present, as it was thought that the 

* One volume of serum to which was added 9 volumes of physiological saline — hereafter 
referred to as serum-saline. By normal human serum in this instance is meant a pool of 
sera from persons known to be non-immune to yellow fever virus. After the isolation of 
Bunyamwera virus and the discovery of methods for doing protection tests with it, all sera 
used for preparation of serum-saline diluent were first proved to be devoid of homologous 
antibody. Such diluents were invariably sterilized by filtration through Seitz EK pads 
prior to use. 

* For these and other experimental procedures the animals were anesthetized with ether. 
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early febrile response of rhesus 403 might possibly have been due to a bacteremia. 
The latter animal recovered without showing any additional signs of illness. 

The mice receiving the sei-um of the original monkey— rhesus 400— became ill 
or paralyzed beginning on the 5th day after inoculation. Two were sacrificed 
for passages and the remaining 4 died on the 6th, 7th, 8th and Oth da 3 ^s. Intra- 
cerebral subinoculations were successful, the incubation period being 4 days in 
the 2nd passage mice and 3 days in the 3rd. By the 5th passage the onset of 
illness was noticeable on the 2nd day. There were no surviving mice in anj' of 
these passage groups. 

Mice receiving unfiltered liver suspension of rhesus 400 began to sicken on the 
7th day, and those receiving filtered suspension showed signs on the 8th day. 
One of the former group survived and 3 of the latter, but intracerebral subinocu- 
lations from sick mice of each group wmre successful, with progressive diminution 
in incubation period similar to that seen in the series subinoculated from mice re- 
ceiving the serum from rhesus 400. There w’ere no survivors in either of these 
series after the 2nd mouse passage. 

Mice receiving the Seitz-filtered serum of rhesus 403, taken at the time of fever 

24 hours after inoculation, showed first signs of illness on the 4th daj'-, and 2 
further groups of mice wmre inoculated intracerebrally wnth suspensions of brains 
of these ill mice. All the original group were dead by the 8th da 3 ^ One 2nd 
passage group began to sicken on the 4th day, and all w'cre dead bj’- the Sth day. 
The other 2nd passage group began to sicken on the 3rd daj’-, and all w^erc dead 
on the 5th day. By the 4th passage the incubation period was further reduced to 
2 days. No “passage” mouse ever survived inoculation with this line of virus. 

Thus 4 separate lines of ^’irus W'ere established in mice: 1 from serum, 1 from 
unfiltered liver suspension, 1 from Seitz-filtered liver suspension of rhesus 400 
and the 4th from the Seitz-filtered serum of rhesus 403. Three of these lines 
were passed in duplicate for a time — a total of 7 lines being transferred in series 

25 times. This w'as done because of differences in ineubation periods and in 
potency, by reason of which we could not at first be certain that we were dealing 
with a single virus. However, after serial passage the incubation periods became 
the same wth the 4 lines, and, as will be shown later, it Avas possible to prove 
their immunological identity. Thereafter only 2 lines were transmitted in scries. 
The virus Avas transferred through 102 serial passages, with no mice surAiving 
intracerebral inoculation of the supematc from 10 per cent brain suspension after 
the 2nd passage. Ba' the G7th passage mice AA-erc so frequcntl}' dead on the 2nd 
dav that it became routine to remoA'C brains for transfer 24 hours after inocula- 
tion. Once the Airus had become avcII adapted in mice and the 'initial decline in 
incubation period ended, the average surAival time® Avas verj' slightly under 3 
days (2.87 days for 477 mice of the 54th to 101 st pas.sages). 

it is to be noted that the Aims did not become cstabli.shcd by direct pa.csago 
from mosquitoes to mice, but Avas transmissible in mice after passage through a 

‘ Mice .alive 21 hours .after inoculation .and dc.ad after 4S hours were con.-idcred as liavinR 
sun,-ivcd 2 d.ays; mice alive 4S hours after inoculation but dead aftf-r 72 hours were ronsid- 
ered as havinc; survived 3 days, etc. 
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rhesus monkey. It is also to be noted that it became adapted to mice more 
readily after 2 passages through rhesus monkeys than after but one. Unfortu- 
nately rhesus 400 succumbed, so that it vras not possible to establish the origin of 
the virus from the mosquitoes bj’’ a change in the immune state of this monkey 
resulting from the inoculation of mosquitoes. However, the following points 
indicate that the \drus did in fact originate from the mosquitoes: 

1. It had a low original -sdrulence for mice, nith progressive adaptation after 

passage through monkeys. , 

2. Hhesus 400 had been under continuous obsera'ation for 13 weeks prior to 
inoculation of the Acdes mosquitoes in a room screened with 2 layers of monel 
metal gauze, 20 mesh to the inch, and during this time it showed no illness. 

3. Other monkeys in the room at the same time, given the same diet and at- 
tended by the same persons showed no illness, but none of these received the 
mosquito suspension injected into rhesus 400. 

4. Immunity to the virus has not been observed in any of our laboratory ani- 
mals, indicating that it was not present in the mouse or monkey colonies at the 
time of isolation, before or since. 

5. Illness of the type caused by Bimyamwera virus in mice has been observed 
only in mice recehing inoculations of the virus. 

6. A colobus monkey, one of 2 shot in the catching area during the days the 
mosquitoes were being caught, was found to possess humoral antibody against 
the virus. 

7. Humoral imm unity against the virus has been found among the residents of 
Bwamba county. 

It is therefore concluded that the virus was derived from the mosquitoes. 

PATHOGENIC PROPERTIES OP THE VIRUS 

In White Mice. IMice inoculated with Bimyamwera virus exhibit objective 
signs referable principally to the nervou's system. Frequently the first sign is a 
state of hyperactivity and hyperreactivity. During this phase the coat is usually 
quite smooth; the animal, if momentarily quiet, responds to auditory or tactile 
stimuli by leaping vigorously or racing around its cage. Given freedom from con- 
finement it runs madly in circles, always in one direction. At this and later 
stages slight stimulation may bring on convulsions from which the animal may 
not recover. Death, in fact, is frequently preceded by convulsions. During the 
hyperactive stage violent muscular spasms involving the head and neck are com- 
monly seen. Such spasms may also involve one or more of the limbs. 

If the animal survives the hyperreactive stage it soon passes into one of paral- 
ysis, early associated ivith coma. The paralysis involves all limbs, but more 
noticeably the hind ones. Convulsions occur also in this phase of the illness. 
In this stage the coat is roughened. Following intracerebral inoculation the 
entire period of objective iUness usually does not exceed 24 hours, although it 
may be longer if the dose of virus inoculated is small. With 14th passage virus 
inoculated intracerebrally the mean survival time in mice receiving 1 in 100 
filtered brain suspension (6,750 MLD) was 3.3. days; in mice receiving 1 in 
100,000 filtered suspension (6 MLD) it was 6.5 days. 
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t Ono (lied nnd nnothcr (injured) was destroyed. Neither is regarded in the test, 
j Mice which were moribund. These arc considered ns liaving succumbed to the virus. 

r.p.m. in the angle-head centrifuge; the supernate was removed and p.asscd 
through a Seitz EK pad under 15 pounds air pressure. Serial decimal dilutions 
of filtrate were prepared with scrum-saline diluent, and groups of 12 mice were 
inoculated intracercbrally, intrapcritoncally, intranasally, or subcutaneously 
with various dilutions, the volume of inoculum being invariabl}’’ 0.03 ml. End 
points were not obtained with the intranasal and subcutaneous inoculations, as 
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the lughest dilutions were not injected by these routes. However, the results of 
the experiment, given in table 1, demonstrate the pathogenicity of the virus by 
various routes and the variation in survival time occasioned thereby. 

Bunyamwera virus has been transmitted in series only by the intracerebral 
route, and its intracerebral virulence has been well maintained, perhaps enhanced. 
Mouse brain virus introduced intraperitoneally was of rather low potency in the 
earliest passages, increased materially after fourteen intracerebral passages, but 
declined to such extent after 100 intracerebral passages that the intraperitoneal 
teclinique was imsatisfactory for immunological work. This decline in intra- 
peritoneal virulence of high passage mouse brain virus was observed both with a 
line perpetuated from the original without interruption and ndth another line 
started from reconstituted dry virus. 

Tests for circulating virus in mice inoculated intracerebrally with 21st passage 
Bun5'^amwera virus revealed that the agent is present in the blood at the time of 
onset of objective illness. 

In Monkeys. No studies, be3'-ond those already mentioned, have j’^et been 
made nith Bunj’amwera virus in monke3'’s. Bhesus 400 succumbed following 
inoculation of the mosquitoes which were the source of the virus. Bhesus 403 
had a bout of fever foUovdng inoculation of seiaim and liver suspension from the 
1st monkey, but recovered without becoming seriously ill. Bhesus 415 wliich 
received Seitz-filtered serum from the 2nd monlcey, showed neither fever nor 
other signs, but, like rhesus 403, developed antibody as result of the inoculation. 

Toxic products (other than the viius) from the large inoculum of mosquito 
suspension may have contributed to the death of rhesus 400. Therefore it can 
only be stated at this time that the virus is not invariably fatal to rhesus monhej-’s 
by subcutaneous inoculation and some monlceys recei\ing it may escape clinical 
illness altogether. During a febiile response to the virus the agent is present in 
the circulation. Monkej’^s which survive develop specific humoral antibody. 

In Rabbits. Four rabbits were inoculated subcutaneously with large doses of 
Bunyamwera virus. ' Inoculations were done 3 times at 3 day intervals for pur- 
poses of hyperimmunization. None of the animals exhibited any clinical reaction 
to the injections, but all of them developed antibody against the virus. 

Other Animals. Other animals have not yet been tested. 

DISTRIBUTION OF THE VIRUS IN TISSUES OP IHCE 

When it was observed that the virulence by intraperitoneal inoculation de- 
clined with prolonged serial intracerebral passage, studies -were imdertaken to 
determine the distribution of virus in certain tissues of mice and w'hether that 
distribution was altered vith passage. 

One experiment was done with the 10th and one with the 103rd passage virus. 
Sick mice were sacrificed 2 daj’-s following intracerebral inoculation. Their 
tissues were removed and placed in separate sterile petri dishes — the tissues from 
2 mice being used in each test. The dishes containing each tissue w'ere weighed, 
and the weight of tissue was determined by weighing back the empty dishes. 
Ten per cent wmght-to-volume suspensions 'were prepared with serum-saline 
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diluent, the trituration being facilitated by the use of finely powdered sterile 
Pyrex glass. In each experiment the 10 per cent suspensions were spun together 
in the angle centrifuge for 20 minutes at approximately 3,000 r.p.m., after which 
supemates were removed and dilutions of the separate tissue suspensions were 
prepared in serum-saline diluent. Each dilution of each tissue was tested by 
intracerebral inoculation of 12 mice. All mice in the 2 experiments were between 
44 and 47 days old. Results of the tests are shoAvn in table 2. 

This experiment demonstrated a mdespread presence of virus in the tissues, 
possibly accountable by the presence of virus in the circulation. In both tests, 
however, there was more virus in the spleen than in other tissues, brain excepted, 
and less in the liver. 

In view of the presence of virus in the blood, the results ^vith liver indicated 
the possibility that this tissue may contain something which is deleterious to the 

TABLE 2 


The distribution of low and high passage Bunyamwera virus in tissues of mice inocidated 

intracerchralhj 


TISSUE 

ROUTE IKOCULATED ' 

lOrn PASSAGE, TITER, 1 IN 

103ed passage titer, 1 IN 

Lung 

I-C* 

500 

62 

Heart 

I-C 

100 


Spleen 

I-C 

21,500 

3,650 

Kidney 

I-C 

460 

71 

Liver 

I-C 

0 

tracet 

Liver 

I-P 

0 


Brain 

1 I-C 

28,200,000 

3,170,000 

Brain 

I-P 

3,250 



* I-C indicates intracerebral test and I-P indicates intraperitoneal test for virus con- 
tent of tissue. 

t Only one of 12 mice receiving the strongest suspension succumbed, but this animal 
exhibited specific signs of illness. 

virus. Two experiments were done to study this possibility. In the 1st exper- 
iment 1 ml. portions of 10 per cent mouse brain ^drus supemate in 10 per cent 
serum-saline were mixed with (a) an equal portion of 10 per cent suspension of 
liver of normal mice, prepared in the same diluent, and (b) an equal portion of 
10 per cent suspension of brains of normal mice, also prepared in the same diluent. 
The mixtures were incubated 2.5 hours at 37.5°C., after which serial decimal di- 
lutions of each were made in serum-saline. Twelve mice were inoculated intra- 
cerebrally %vith each dilution of each mixture The titer of virus incubated with 
normal mouse brain was 1 in 5,000,000, while that of virus incubated ■with normal 
liver was 1 in 12,300,000. This experiment failed to show any deleterious effect 
on the virus of materials extractable from liver mth the serum-saline diluent. 

In the 2nd experiment 0.5 ml. portions of 10 per cent virus supernate were 
added to (a) 4.5 ml. of physiological sodium chloride, and (b) 4.5 ml. of 1 per 
cent sodium tauroglycocholate (sterilized by boiling, pH 6.8). Each mixture 
therefore contained 1 per cent of mbuse brain virus in 1 per cent serum-saline. 
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but mixture b contained also 0.9 of 1 per cent sodium tauroglycocholate. The 
mixtures were incubated for 3 hours at 37.5°C., after which serial decimal dilu- 
tions were made in 10 per cent serum-saline and tested by intracerebral inocula- 
tion into groups of 12 mice. Ten of the 12 mice receiving the mixture containing 
0.9 per eent sodium tauroglycocholate were killed within a few hours (previous 
experience had shown that 1 per cent taurocholate is toxic bj'" intracerebral inoc- 
ulation), but all other mice receivdng the dilutions of virus-tauroglycocholate 
mixture survived through the 12-day peiiod of observation without becoming ill. 
The control, virus incubated with phj'^siological saline, was fully potent and gave 
a virus titer of 1 in 21,500,000. This e.xpeiiment indicated that the (impure) 0.9 
per cent sodium tauroglycocholate solution had inactivated the 1 per cent virus. 

LESIONS INDUCED BT THE VIRUS 

In -vdew of the striking symptoms induced in mice by Bunyamwera virus, the 
lesions caused by it are unexpectedly insignificant. The only visceral lesions 
encountered vith any degree of frequency were in the Iddneys. These consisted 
of marked congestion, in some instances associated vath small hemorrhages in the 
first portion of the medulla, moderate degenerative change in the tubular epithe- 
lium and albuminous deposits in the lumina. In a few instances granular 
casts were present. These renal lesions were present not only in mice but in the 
rhesus monkey No. 400 which received the vims-containing mosquitoes. 

Brains of mice infected ivith the vims showed marked congestion, both macro- 
scopically and microscopicall 3 L Foci of hemorrhage were not infrequently seen, 
and several animals exhibited hemorrhage into the lateral ventricles. Peri- 
vascular infiltration was not a characteristic feature. Degeneration of nerve 
cells was present in all animals and Involved especially the cells of Ammon’s horn 
and the basal nuclei. This was characterized in some instances by vesicular 
change 'witli disorganization of the chromatin pattern — apparently the earlier 
reaction — or by shrinking and pyknotic degeneration vdth fragmentation of the 
ganglion cells. In areas exhibiting these lesions a sparse scattering of polymor- 
phonuclear leucocytes was sometimes present but leucocytic infiltration was often 
absent and never pronounced. Inclusion bodies have not been encountered. 

No other noteworthy changes were obseiwed in mice. Rhesus 400, which suc- 
cumbed during infection vith Bunyamwera vims, was not examined for lesions 
of the central nervous system as infection vdth a neurotropic virus was not then 
suspected. 


FILTERABILITY OF THE VIRUS 

One line of Bunyamwera vims was established in mice by intracerebral inocula- 
tion of a suspension of the liver of rhesus 400 after passage thi'ough a Seitz EK 
pad. Another line was recovered from rhesus 403 by inoculation of mice with 
Seitz-filtered serum, both these facts attesting to the filterabihty of the agent. 
The following experiments were done to ascertain the loss of vims occasioned by 
filtration through Seitz EKpads and to test its filterability through Berkefeld 
filters. 
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Two sick mice of the 14th passage group were sacrificed, and their brains were 
removed and ground in a mortar with 10 per cent monkej'^ seium-saline to make a 
10 per cent suspension. This w^as spun for 20 miautes at approximatel 3 »^ 3,000 
r.p.m. in the angle centrifuge, after w^hich the supernate was removed and divided 
into '2 equal portions. One portion was passed thi-ough a Seitz EK pad under 15 
pounds air pressure. Serial decimal dilutions were prepared from the unfiltered 
suspension and from the filtrate, and groups of 6 mice were inoculated iatra- 
cerebrally with 0.03 ml. portions of each of the several dilutions of each suspen- 
sion. Titers Avere calculated by the method of Reed and Muench (8). 

TABLE 3 


Tests of filterahility of Biinijamwera virus through Seitz and Berkefeld filters 


VIRUS PASSAGE ^ 
USED 

riLTRATE 

DILUTION, LOG 

PATE ( 

Died 

5P MICE 

Lived 

TITER, 1 IN 

14 

Unfiltered 

1 

5 

0 

3,170,000 



2 

6 

0 




3 

6 

0 




4 

6 

0 




5 

6 

0 




6 

6 

0 




7 

0 

6 




8 

0 

6 


14 

Seitz 

1 

6 

0 

675,000 



2 

6 

0 




3 

6 

0 




4 

6 

0 




5 

6 

0 




6 

2 

3 




7 

0 

G 




8 

0 

6 


21 

Unfiltered 

2 

12 

0 



Berk. V 

2 

12 

0 



Berk. N 

2 

12 

0 



Berk. W 

2 

12 

0 



Twenty-first passage mouse-braiu virus wns used for tests of filterahility 
through Berkefeld filters. A 10 per cent suspension of brains of sick mice was 
prepared in serum-saline. This was spun for 20 minutes in the angle centrifuge 
at about 3,000 r.p.m.; the supernate was removed and diluted tenfold, and 10 ml. 
portions of this 1 per cent suspension were filtered through small Berkefeld V, 
N, and W filters under negative pressures not exceeding 400 mm. of mercury. 
Filtrates and the unfiltered suspension were tested by intracerebral inoculation 
into groups of 12 mice. 

Results of these experiments, given in table 3, indicated that the virus passed 
readily through Berkefeld filters of each grade, and that it passed through the 
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Seitz filter mthout marked loss of potency. The filterability through Seitz pads 
was further confirmed by the experiment shown in table 1. 

PEESERVATION Of THE AGENT 

Bunyamwera virus has been successfully preserved by di^dng while frozen.® 
Considerable loss of potency was obsen'^ed when the titration of the original sus- 
pension was compared vdth a similar test made on dried material which had been 
stored for 20 days in the refrigerator, perhaps oving to insufficient desiccation. 
However, the dried material contained viable virus in quantity after 13 months 
in the refrigerator, as shoivn by the folloving tabulation. 


Titer of virus in fresh mouse brain 1 in 3,950,000 

Titer of virus 20 days after being dried 1 in 100,000 

Titer of virus 13 months after being dried 1 in 10,000 


The virus has also been preserved by storage at 4°C, in 50 per cent glycerine. 
One lot of mouse brains so prepared on June 17, 1944, contaiued viable virus on 
December 2, 1944, and a protection testproved that the passage material derived 
therefrom was Bunyamwera virus. 

VIEUS-NEUTEAUIZATION TESTS 

Soon after Bunyamwera virus was discovered methods were sought for the 
performance of protection tests or vdrus-neutralization tests. In its earlier 
passages the virus was of irregular and generally low viiulence by intraperitoneal- 
inoculation. After a few passages its intraperitoneal virulence became enhanced 
so that protection tests could be done by this route, although irregular results 
were not infrequently encountered in that a strong suspension of virus might 
cause the death of fewer mice than a weaker dilution. The experiment which 
follows illustrates this point and shows that satisfactory tests could be obtained 
despite this difficulty. 

Two sick mice of the 18th passage group were sacrificed, and a 10 per cent sus- 
pension of their brainswas' made in serum-saline. Thiswas spun for 20 minutes 
at approximately 3,000 r.p.m. in the angle centrifuge; the supernate was removed 
and used for the preparation of a series of decimal dilutions in serum-saline 
diluent. 

Four series of tubes had been prepared in advance, 2 containing serum of a 
normal monkey and 2 containing “convalescent” serum of rhesus 415. 

I?itraperiioneal Test. To tubes containing 0.5 ml. portions of serum from a 
normal monkey or similar volumes of “convalescent” serum from rhesus 415 
were added 0.25 ml. portions of various dilutions of virus, a given dilution being 
added to both sera from the same pipette, first to the normal, then to the “con- 
valescent” senim. The tubes were shaken ^^gorously, immediately after which 

* Equipment used for this purpose was as follows: dr 3 '' ice made in a press from cylinder 
COi, a high vacuum pump fitted with a MacLeod type gauge, and an all glass drjdng manifold 
of the Mudd-Flosdorf type. The dried virus was sealed in the ampoules with an acetylene 
flame while the vacuum pump was in operation. 
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inoculations of 0.06 ml. of the mixtures were made intraperitoneally into mice, 
groups of 6 being used for each mixture. 

Intracerebral Test. To tubes containing 0.3 ml. portions of the same nornial 
and “convalescent” monkey sera were added like volumes of respective virus 
dilutions. The tubes were shaken and the mixtures were incubated 3 hours at 

TABLE 4 


Results of intracerebral and intraperitoneal neutralization tests xoith Bunyamwera virus 


SERUM 

ROUTE 1 
INOC. 

VOLUME 
INOC. ML. 

VIRUS 

DILUTION, 

LOG* 

Died 

iULT 

Lived 

TITER or MRUS, 
1 IN’ 

Normal rhesus monkey 

I-C 

0.03 

2 

6 

0 

3,640,000 




3 

6 

0 





4 

6 

0 





5 

6 

0 





6 

4 

2 





7 

1 

5 





s 

0 

6 i 


Convalescent, rhesus monkey 







415 

I-G 

0.03 

2 

4 

2 

417 




3 

2 

4 





4 

1 

5 




1 

5 

0 

6 




1 

6 

0 

6 





7 

0 

! 6 


Normal rhesus monkey 

I-P 

0.06 

1 1 

6 

0 

230,000 




2 

5 

1 





3 

G 

0 





4 

4 

2 





5 

3 

3 





C 

4 

2 





7 

0 

6 


Convalescent, rhesus monkey 

i 






415 

I-P 

0.06 

1 

0 

6 

<10 




2 

0 

G 





3t 

0 

G 



* The actual content of virus in mixtures inoculated intracerebrallj' is half the indi- 
cated strength; in mi.xtures inoculated intraperitoneally it is one-third the indicated 
strength. 

1 3 additional virus dilutions were tested intraperitoneally against this serum but all 
mice lived and the results are omitted from the table. 

37.5°C., after which intracerebral inoculations were made into groups of 6 mice. 
Each mouse received 0.03 ml. of a serum-virus mixture. This method was the 
same as that used in studies on another neurotropic virus (10). 

These procedures constituted intraperitoneal and intracerebral titrations of 
the virus in normal and convalescent monkey serum. The mice in the tests were 
observed for 15 days, but there were no deaths after the 10th day, nor any other 
signs in the surviving mice attributable to the virus. Results of the experiment 
are shown in table 4. 
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The irregular results obtained with the virus in intraperitoneal titrations are 
well illustrated by the data in table 4. For example, the mortality in mice re- 
ceiving 1 in 100,000 virus with normal serum was lower than in those receiving 
the same serum mixed with 1 in 1,000,000 dilution of virus. Nevertheless, the 
potency of the virus by intraperitoneal inoculation was such that the neutraliza- 
tion of the agent by specific immune serum was easily demonstrable. Intra- 
peritoneally the convalescent serum gave complete neutrahzation of the strongest 
dilution of ^drus tested, which proved to be 230,000 intraperitoneal MLD. 

Intracerebrally the result was also quite convmcmg, although complete neu- 
tralization of the higher concentrations of virus did not take place. A Vs pro- 
tection ratio was obtained \\ith convalescent serum mixed with 364 MLD of 
virus, and all mice receiving this serum mixed with more dilute virus were pro- 
tected. 

The intraperitoneal test has the advantages of requiring no mcubation and of 
giving more complete neutralization of virus, but it has the disadvantage of giving 
somewhat irregular mortality in the absence of specific antibodj’’. This dis- 
advantage mght lead to unsatisfactory results m experiments in which the titer 
of virus is relatively low or if the serum is tested against only 1 dilution of virus. 

It is also worthy of re-emphasis that very early or very late passage mouse 
brain virus was of iosufficient intraperitoneal virulence for satisfactory protec- 
tion tests by that route. 

The intracerebral neutralization test as described above was employed in 
studies to determine whether the 4 original lines of Bunyamwera virus were 
similar or not. Full details of these tests need not be given here, as they add 
nothing to our knowledge of the essential properties of the virus, and because 
the volume of data accumulated was large. Briefly the experiments were as 
follows: Four rabbits were bled to obtain normal serum, then each was hyper- 
immunized with one or other of the 4 lines of virus. Intracerebral cross-neutrali- 
zation tests were done with the 4 lines of virus and the 4 hyperimmune sera, 
using preinoculation sera as the normal control and titrating each line of virus 
in each of the sera. Each of the hyperimmune rabbit sera neutralized not only 
the homologous line of virus but also the other lines. The 4 immune sera differed 
in potency, and each serum had the same order of potency against every line of 
virus. That is, the serum which was most potent against one line of virus was 
also most potent against the others, and vice versa. This result proved the im- 
munological identity of the 4 lines of virus. 

Differeniiaiion from Other Neurotropic Viruses. The intracerebral neutraliza- 
tion test as described above was used to determine whether Bunyamwera virus 
is neutralized by antisera against other neurotropic viruses. The reactions in- 
duced by the virus in experimental animals suffice to differentiate it wdth cer- 
tainty from the yellow fever, Bwamba fever ' (9) and West Nile (10) viruses; 
nevertheless sera against these were included in the test. Results of the experi- 
ment are shownTin table 5. 

This experiment shownd that Bunyamwera virus is not identical with the 
viruses of yellow fever, Bwamba fever, St. Louis or Japanese B encephalitis, 
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eastern or western equine encephalomj^elitis, or -svith Semliki Forest or West 
Nile viruses. Neither is it identical with another undescribed virus isolated in 
this laboratory, now provisionally called “Lot 6 virus. ” Similar tests which need 
not be given here in detail, have shovm that antisera against Fift Valley fever 
and others containing antibody against 6 different strains of hoi'se-sickness 
virus'^ likewise failed to neutralize. Vffiether Bunyamwera virus is in any way' 
related to these or other neurotropic viruses has not been established, but the 
probability seems great that it is hitherto unkno^vn. 

Immunity Tests with Human and Animal Sera. At the time this %urus was 
isolated we had in hand the residues of a number of sera collected prior to the iso- 
lation of the virus from humans residing in Bwamba, The sera of 53 persons 


TABLE 5 


Intracerebral neutralization tests vnth Bunyamwera virus and antisera against other 
neurotropic viruses, establishing its separate identity 


SERUU OF UONKEY IMMUNE AGAINST 


raOTECTION RATIOS* IN MICE RECEIVING SERUM 
MIXED WITH VIRUS DILUTED 1 IN 


1 

io-> 

10-* 

lO-s 

10-* 

lO-i 

io-« 

Bwamba fever virus 

0/6 

0/6 

0/6 

3/5 



West Nile virus 

0/6 

0/6 

0/6 

3/6 



St. Louis encephalitis virus 

0/6 

0/6 

0/6 

1/6 



Japanese encephalitis virus 

0/6 

0/6 

0/6 

2/6 



Eastern equine encephalomyelitis virus 

0/6 

0/6 

0/6 

0/6 



Western equine encephalomyelitis virus 

0/6 

0/6 

0/6 

1/6 



Lot 6t virus 

0/6 

0/6 

0/6 

1/6 

j 


Yellow fever and Semliki Forest virust 

0/6 

0/6 

0/6 

2/6 



Non-immune control 

0/6 

0/6 

0/6 

0/5 

2/6 

6/6 

Bunyamwera virus § 

4/6 

6/6 

6/6 

6/6 




* Numerator indicates the number of mice which survived, the denominator the number 
of those inoculated which were alive on the second day. 

t “Lot 6“ virus is one isolated in this laboratory, studies on which have not been pub- 
lished. 

t The one animal was immune against both viruses as result of experimental procedures. 
§ Rhesus 415, immune as result of a single subcutaneous injection of the virus. 


residing in localities on the edge of the Semlild Forest were selected for testing, 
since the virus came from mosquitoes caught in that forest. Samples from 27 
children and 26 adults residing in 12 forest-edge localities were chosen. The age 
of the youngest donor was 6 years and that of the eldest was 60. All sera were 
tested by the intracerebral technique. All were non-protective, indicating that 
infection of humans mth the virus had not been common prior to August 1943, 
when the samples of blood were taken. This result did not prove, however, 
that humans were unaffected by the virus at the time it was knorni to be active, 
in September 1943. The results which follow show that a significant number of 
persons were immune 11 months after the isolation of the vims. 

^ The horse-sickness sera were generously supplied by Dr. S. E. Piercy of the Veterinary 
Laboratory, Kabete, Kenya. 
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Sera of 29S residents of Bwamba County, taken in August 1944, were tested 
against the \drus by the intracerebral method, each serum originally being tested 
against 2 decimal dilutions of virus. The extremes of idrus titer in the 9 test 
mns were such that the test doses of virus ranged between 23 and 2,300 intra- 
cerebral MLD. Many of the sera gave clear-cut protective or negative results 
in the first tests, but others gave results less easily interpreted. Some of the 
latter sera gave partial but incomplete protection; others gave no protection, 
as evidenced by reduced mortality, but did permit increased suivival time in 
mice. Therefore a study was made to determine the limits of sensitivity of the 
intracerebral test and to learn what was the minimum variation from normal 
which could be regarded %\ith certainty as specific neutralization of vims. 

Several of the sera were tested a second time against 3 dilutions of vims with 
6 mice for each semm-\dms mixture, but results ivith a few were still not de- 
cisive. Accordingly pools were made of 2 to 5 specimens of clearly protective 
sera, clearly non -protective specimens and others which we shall here designate 
as doubtful. Ail sera included in any one of the “doubtful” pools had given very 
similar or identical results in the fii-st or second tests, but the different pools were 
made up of sera which had given very different reactions, some being regarded 
as probably negative and others as almost certainly protective, (Sera were 
pooled only in order to have sufficient quantities for the tests to be carried out.) 
Each serum pool was filtered through a Seitz EK pad, and 1 ml. portions were 
placed in each of 5 tubes. Mouse brain vims suspension was prepared in 10 per 
cent semm-saline and cleared by centrifugation, after which dilutions were pre- 
pared to 1 in 10”® in the same diluent. One milliliter portions of 5 dilutions of 
virus ivere added to the tubes of each serum pool and the mixtures were incubated 
for 2.75 hours at 37.5°C. air temperature. Groups of 12 mice of identical age — 42 
days — ^were then inoculated intracerebrally with each serum-vh-us mixture, each 
mouse receiving 0.03 ml. Einown non-immxme and immune monkey sera and the 
serum of an immune rabbit ^Yere used similarly as controls. Preparation of the 
serum-virus mixtures required about the same amount of time as the inoculations. 
Mixtures first prepared were first inoculated in order to minimize variations which 
might be occasioned by differences in contact time. All inoculations were done 
by 1 person. Eesults of the test, including the time of death in mice, are shown 
in table 6. 

The data on survival time in the foregoing experiment were submitted to sta- 
tistical analysis and it was found that serum pool A was not significantly different 
from normal serum. In the preliminary tests the mice receiving sera comprising 
this pool lived longer than control mice, but all or nearly all died. It is probable 
that the result in the final test approaches the mayiTnum deviation to be expected 
with non-hmnune sera. 

Serum pools B, C, D, and E gave results which were significantly different from 
those with normal serum and are therefore to be considered as immune sera. It 
is noteworthy that the potency of each was less than that of the knmvn immune 
human serum. The latter represents the most potent human serum we have 
encountered, while pool B probably represents an approach to the minimum of 
neutralization which can be regarded as specific. 


TABLE 6 



* Non-specific deaths. 

t Unknown sera which gave results significantly different from non-immune sera. 
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Serum pool B (table 6) was tbe weakest one which gave significant neutraliza- 
tion in this quantitative test. The sera included in that pool each neutralized 
just 1.33 decimal dilutions of virus (20 MLD) in the preliminaiy experiments 
employing 3 dilutions of virus. Neutralization of 20 MLD of virus was there- 
fore adopted as the minimum, and any serum which neutralized less than 20 
MLD was regarded as negative. Only 2 sera (those included in pool B) were 
encountered which were as weakly protective as this. Most potent among the 
protective sera encountered was one which gave complete protection against 
610 intracerebral hlLD of virus and the “known human immune pool” (table 6) 
which neutralized nearly 1,000 MLD, 


TABLE 7 

Results of survey of itnmunilij against Bunyamwera virus in Bwamba County, Uganda, one 

year after isolation of the virus 


AIIEA SAlCPLED 

ACE CEOtrP 

KO. TESTED , 

PROTt 

Number 

:cnvE 

Per cent 

ACE OF 
YOPNGEST 
nonmE 



i 

1 


i 

years 

Bubandi — 

Children* 

30 

3 

10.0 

8 


Adults 

29 

4 

13.8 


Busaro 

Children 

35 

2 

5,7 

7 


Adults 

35 

4 

11.4 


Buhundu 

Children 

30 

0 

0 



Adults 

29 

2 

6.9 

! SO 

Hakitengya 

' Children 

35 

1 

2.8 

10 


' Adults 

35 

2 

5.7 


Rwebisengo 

Children 

20 

4 

20.0 

10 


Adults 

20 

6 

30.0 


Total 

Children 

150 

' 10 

6.7 



Adults 

148 

18 

12.2 



* Persons under 15 years of age were recorded as children. 


Of the 298 sera collected from Bwamba residents in 1944, 28 were found to be 
protective, as shown in table 7. The negative results in the 1943 tests followed 
by the finding of immime individuals in 1944 did not prove that any one of these 
persons was immunized in that interval, as none of the immune donors were in- 
cluded in the previous year’s sample. The results do seem to indicate 
an increase in the incidence of immunity during that year, and point to the 
Rwebisengo area as the most heavily infected region. 

The five areas (table 7) from which samples of human sera were tested against 
Bunyamwera virus differ greatly from each other. Bubandi and Busaro, ad- 
jacent regions in the southern part of Bwamba are most similar. These areas 
are characterized by undulating grassland and cultivated tracts. The altitude 
is about 3,000 feet above sea-level. There is relativel}’" little forest, and that 
which is present is in small gallery extensions along the streams. The popula- 
tion density is high. 
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The Buhundu area is mountain grassland interspersed with cultivated plots, 
interrupted along the streams by small gallery forests. The area is on the lower 
slopes of the Ruwenzori Moimtains, at an altitude varying between 4,000 and 
7,000 feet. The population is scanty in comparison with that of the Bubandi- 
Busaro or the Hakitengya area. 

The latter region is situated at about 3,000 feet and is characterized by mixed 
cultivation and bush country, broken frequently by deep ravines, the slopes of 
which are covered with dense forest. 

The Rwebisengo area is on the unforested plains of the Semlild River at an alti- 
tude of about 2,500 feet. There is relatively little cultivation, but much graz- 
ing. The population is scanty. The fact that this was the area in which the 
highest incidence of immimity against the virus was found, may' give some clue 
as to possible insect vectors (if, indeed, it is insect borne), as it is the only one of 
the areas which has no forest of consequence. 

Thirty-one sera from persons who had recently suffered attacks of illness of 
varied nature were also tested against the virus. Seven of these were from per- 
sons who had poliomyelitis, 4 from persons whose illness did not suggest infection 
with a neurotropic virus and the remainder from persons vith suspected virus 
encephalitis. All were non-protective except one of the latter. This seium® 
gave complete protection aginst 230 mouse intracerebral MLD of virus, and the 
donor is therefore presumed to have suffered infection with this vims. It can- 
not be stated, of course, that the suspect illness was due to this virus, but the 
protective result with convalescent serum is evidence that it may have been. 

Sera of 42 monkeys shot or captured in Bwamba were tested against the vims. 
Each was negative, mth 1 exception — a black-and-wlrite colobus monkey which 
was 1 of 2 shot in the catching area during the time of capture of the mosquitoes 
from which the vims was isolated. All the other monkey sera were non-protec- 
tive, but it is noteworthy that the great majority of the specimens were collected 
in uninhabited forest several miles from Bunyamwera III. 

DISCUSSION 

Bunyamwera vims does not, so far as we Imow, attack selectively the cellular 
elements of nervous tissue. In experimental animals, however, it elicits neuro- 
logical reactions and exerts its principal effects on the nervous system, regardless 
of the route by which it is introduced. Therefore we have referred to it as a 
neurotropic vims, without intending to imply a particular affinity for nerve cells. 

From what is Icnomi, one could not predict the effects which the vims might 
have in man. The 1 human case of obscure illness in which humoral immunity 
to Bunyamwera \drus was subsequently found cannot be regarded with certainty 
as having been caused by that agent. The information at hand indicates only 
that the individual, at some time previous to being bled, had an experience with 
this vims. It might even be that, if the vims does cause clinical illness in man, 
such illness would not be characterized by marked neurological signs. This is 

* For the 2 samples of blood from this patient vre are indebted to Dr. J . C. St. George Earl, 
Senior Medical Officer in Charge, Zanzibar, and Dr. J. D. Robertson, Pathologist, Zanzibar. 
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the case in Bwamba fever (9), a benign seK-limited disease not characterized by 
marked neurological symptoms, but caused by a virus which, in mice, induces 
more profound lesions in the central nervous system than the agent vith which 
we are here concerned. It is possible also that the host of preference for Bunyam- 
wera virus is not man but some wild animal. Even if that is the case it could 
stUl be of medical importance, as is the virus of yellow fever, which attacks both 
the animals of the jungle and man. Further investigation may throw light on 
these points. 

In recent years a considerable number of previously unknown filterable viruses 
have been discovered, many of them being neurotropic in action. These include 
the viruses of eastern (11), western (12) and Venezuelan (13) equine encephalo- 
myelitis; lymphocytic choriomeningitis (14); St. Louis (15), Japanese B (16) and 
Eussian spring-sxunmer (17) encephalitis; and louping ill (18), with which the Rus- 
sian virus may be identical (19) . Also, in this laboratoiy , and quite incidental to 
our main problem (yellow fever), we have encountered 4 hitherto imknown 
viruses (5, 9, 10, and present communication) and have found humoral immunity 
to each to occur in man. Some of these agents have been isolated from man or 
animals, others from insects and a few from both. Some have been discovered 
during the course of investigations of specific diseases in man or animals, while 
others were encountered accidentally, so to speak. Some are related antigenic- 
ally, others are not known to be. The significance of at least 3 of the agents 
in human and/or veterinary medicine is not yet known (5, 10, and present com- 
munication). All of these facts indicate that a concerted attack on the problem 
of virus etiology of disease (including pj^exias of unknown origin) might not only 
increase our knowledge of the known viruses and their properties but also uncover 
further viruses at present unknown as the causative agents of disease. 

SUMMARY 

1. A filterable virus, believed iio be hitherto unknown, has been isolated from 
Aedes mosquitoes caught in uninhabited forest in western Uganda. It has been 
provisionally named Bunyamw'era viins in respect of the locality in which it was 
encountered. 

2. The agent is pathogenic for w^hite mice and exerts its principal pathogenic 
effects on the nenmus system regardless of the route by which it is introduced. 

3. The effects of the virus in rhesus monkeys and rabbits are discussed. 

4. The agent elicits the formation of virus-neutralizmg antibodies in animals 
which surmve inoculation. The presence of these antibodies may be ascertained 
by intracerebral or intraperitoneal tests. 

5. Bunyamwera virus is iramunologically different from the viruses of jnllow 
fever, Bwamba fever, St. Louis and Japanese B encephalitis. Rift Valley fever, 
eastern and western equine encephalomyelitis and horse-sickness, from West 
Nile and Semliki Forest viruses and from another neurotropic %'irus isolated 
here but not yet reported, 

6. Neutralizing antibody against the virus has been found in a forest monkey, 
in a human who suffered a recent attack of febrile illness characterized by marked 
neurological signs and in a number of peraons sampled at random. 
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MEDICAL SHOCK IN THE PATHOGENESIS OF ALGID MALARIA^ 

B. H. KEAN’ AND CARL E. TAYLOR 
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This paper attempts to show that the algid form of malaria is due to the 
development of medical shock. It would be well to start with a discussion of 
these terms. 

Craig (1) stated, in describing algid malaria “The characteristic condition is 
one of extreme collapse attended by profuse perspiration, the temperature at the 
same time being more or less elevated, although in some cases the temperature is 
sub-normal. Patients suffering from this form of malaria present a characteris- 
tic countenance, the cheeks being dravm and pinched, the eyes sunken, the 
nostrils dilated and the skin bedewed wth perspiration. The entire body is 
cold, the skin cyanotic and bathed with a cold sweat. The lips and finger-nails 
are intensely cyanotic. The tongue is tremulous, dry and coated with a dirty 
white fur. The pulse is rapid, thready, and easily compressible and generally 
more or less intermittent; the heart sounds are muffled and the second sound 
almost inaudible, and as death approaches the pulse becomes imperceptible; the 
respirations are irregular, superficial in character and labored; the muscfflar 
weakness is extreme, while the mental condition of the patient is one of apathy to 
his surroundings and indifference as to his condition. The symptoms rarely last 
over a few hours, death generally resulting.” 

Manson-Bahr (2) divided “pernicious attacks” of malaria into cerebral and 
algid forms. “The algid forms of pernicious attack, as indicated by the name, 
are characterized by collapse, extreme coldness of the surface of the body and a 
tendency to fatal syncope.” His algid forms included gastric, choleraic, dys- 
enteric, hemorrhagic, and syncopal types. Strong’s (3) discussion was along 
almost identical lines. 

Bercovitz (4) wrote, “In one of the most serious types of malaria the symptoms 
usually develop after one or more ordinary malarial paroxysms. There is us- 
ually a condition of extreme collapse attended by profuse perspiration, the 
temperature at the same time being more or less elevated, although it may be 
subnormal. The cheeks are drawn and pinched, the eyes sunken, the nostrils 
dilated, the skin covered with perspiration and cyanotic. The entire body is 
cold, the fingernails and toenails cyanotic. The pulse is rapid, thready, in- 
termittent or irregular, and the heart soxmds muffled. In some instances patients 
with pernicious falciparum malaria may have S 3 mptoms resembling Asiatic 
cholera.” 

* Presented before the American Society of Tropical Medicine (in Joint Session with the 
National Malaria Society), St. Louis, November 16, 1944. 

* Major, Medical Corps, ATJS. 
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Nocht and Mayer (5) included the follo^\^ng form in the pernicious types: 
“Algid and cardiac form (reminiscent of the algid stage in cholera): rapid loss of 
strength, extreme cardiac weakness, Hippocratic facies, threatening collapse, 
intense perspiration, and cool skin. Whilst the temperature in the arm pit is 
comparatively low that in the anus is high.” 

These descriptions by present day authoiities provide a picture of the clinical 
syndrome of algid malaria. 

The clinical signs and symptoms of surgical or traiunatic shock are well known. 
In recent 3 ’-ears the importance of hemoconcentration in shock, as determined 
by eiythroc 3 ^e counts, hematocrit studies, and specific gravity determinations, 
has received mde recognition. According to Atchley (6) “Medical shock is a 
tei-m denoting for the internist the complication which, when it occurs in sur- 
gery, is called surgical shock. Shock, whenever it occurs, is a serious and often 
fatal condition characterized by vasomotor collapse. . . He considered diabe- 
tic acidosis, pneumonia, tj^phoid, and influenza to be conditions wliich would 
cause medical shock. Of even more interest was the emphasis by Atchley and 
Loeb (7) on the role which shock, accompanied by anhj'dremia and hj'po- 
chloremia, plaj’^s in Asiatic cholera. They indicated that infusions of salt solution 
and even transfusions would counteract the physiologic imbalance produced by 
iiie disease. 

Fishberg (8) stated that “Except in rheumatic fever and probabl}’- diphtheria, 
circulatory failure in the acute infectious diseases is far more often of peripheral 
than of cardiac origin. The clinical picture is fundamentally the same as that of 
traumatic shock, and differs only in those details wlrich are due to the terrain of 
the infectious disease in which it occurs. . . .” 

Moon (9, 10, 11) recently summarized the acute infections wlrich cause medical 
shock. In addition to those diseases which have alreadj’" been discussed, he 
specifically mentioned gas gangrene, diphtheria, typhus, yellow fever, puer- 
peral sepsis, scarlet fever, erysipelas, and plague. All authors emphasize the 
importance of intravenous replacement therapy in restoring the deficient circu- 
lating blood volume. In most cases this reduction of blood volume is manifested 
by hemoconcentration due to plasma loss through the damaged capillary bed. 

Although many authors have described the algid symptoms of malaria, only a 
few have employed the term or concept of shock. 

The earliest record that we have been able to find of the direct comparison of 
algid malaria with shock was an article on algid malaria by Gage (12), published 
in 1926. He stated “The patients present a picture almost similar to that of 
acute shock, so frequently seen in severe trauma, and, happily less often, in 
surgery.” His description of patients with algid malaria maj’- be abbreviated as 
follows: “Such patients are unable to stand. . . and they are cold and frequently 
covered with ‘clammy’ perspiration; pulse is very rapid, thready, and at times 
not palpable at the wrist. . . the blood pressure is markedly decreased. . . there is 
great effort involved in talking. . . the eyes appear sunken and the expression 
anxious. . . vomiting. . . diarrhea is sometimes present. . . .The skin is pale, a 
symptom in sharp contrast to the color of the skin in some of the other forms of 
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malaria more chronic in character. . . .The temperature by mouth is generally 
subnormal. ...” He presented five case histories and outlined a course of 
treatment which included general supportive measures and intramuscular 
quinine, but no intravenous therapy. 

Cannon (13) wrote: “One feature of pernicious malaria w^hich is noteworthy is 
the vascular injury' as revealed by generalized fatty degeneration, hemorrhages 
into the brain, purpura, etc. Such a condition should certainly predispose to 
loss of fluid elements of the blood similar to that in shock, as it does particularly 
in the algid forms of pernicious malaria. There is also evidence of hemocon- 
centration in pernicious malaria at times, which might also lead, as afore men- 
tioned, to an increased tendency to blockage of capillaries.” Kigdon (14) re- 
ported the case of a 7 year old girl who died of acute estivo-autumnal malaria 
with the clinical and postmortem findings of shock. Rigdon and Stratman- 
Thomas (15) described pathologic changes simulating those of shock in monkeys 
who died with severe Plasmodium hnowlcsi infections although they did not 
employ that term. Kean and Smith (16), in a report based on 100 autopsies on 
patients w'ho had died of estivo-autumnal malaria, believed that 20 per cent died 
of shock. Elevated plasma potassium levels have been recorded in malaria in- 
fections — in man by Zwemer, Sims and Coggeshall (17), and in canaries by 
Velick and Scudder (18). The significance of plasma potassium levels in shock 
is still a moot question; it has been suggested that the high plasma potassium in 
malaria may be secondarj’’ to hemolysis of the erythrocytes which have a high 
potassium content. 

Case 1. A 39 year old w’hite male who had no history of previous malaria or 
other major illnesses, was admitted to the hospital on November 28, 1943. On 
the day before admission he had experienced chilly sensations, malaise, upper 
abdominal distress, and he felt feverish. ' At the time of admission he was 
“quite ill,” flushed, and perspiring moderately. Except for slight epigastric 
tenderness, physical examination w^as negative. His temperature w^as 99.4°F., 
his pulse rate 105 per minute, and his respiratory rate 20 per minute. His blood 
pressure was 130 mm. of mercury systolic and 70 mm. diastolic. Hemoglobin 
was 80 per cent (Tallqvist), erythrocytes w^ere 4,350,000 per cu. mm. of blood, 
leukocytes 5,235 per cu. mm. of blood, wdth 61 per cent neutrophiles, 37 per cent 
lymphocytes, and 2 per cent eosinophiles. Ring forms of estivo-autumnal 
malaria were found in smears of the peripheral blood and the patient was given 
0.2 gram of atabrine by mouth shortly after admission and 0.1 gram four hours 
later. On the second and third days he received 0.1 gram of atabrine every 
eight hours. The temperature rose to 105°F. on the day after admission and the 
number of parasites increased progressively. On the third hospital day 2 per 
cent of the erythrocytes contained ring forms; on the morning of the fourth day 
3 per cent were parasitized. At this time cyanosis and capillary stasis of the 
skin were noted. The blood pressure decreased to 100 mm. of mercury systolic 
and 60 mm. diastolic, and the pulse rate rose to 130 per minute. Intravenous 
fluids were given and 0.1 gram of atabrine was administered intramuscularly and 
0.1 gram orally. 



212 


n. II. KEAN AND CARD E. TAYLOR 


About noon of the fourth hospital da}' the patient went into profound shock, 
and also showed the clinical manifestations of algid malaria. The blood pressure 
fell as low as G-1 mm. of mcrcurj' systolic and 0 diastolic, the radial pulse was 
almost imperceptible, the lieart rate was about 155 per minute, the respiratoiy 
rate was 40 per minute, and the temperature remained about 101°F. orally. 
The hematocrit was 5/ , the hemoglobin 114 per cent (Sahli), and there were 
5,080,000 ciythrocytcs per cu. mm. of blood. The sedimentation rate was 5 
mm. in one hour (Westergron). Five per cent of the erythrocytes were para- 
sitized at this time. Following the first appearance of a falling blood pressure 



Case 1 

plasma infusions w'ere started, together ^^^tIl the constant administration of 
intravenous fluids and oxygen. At noon of the fourth day the patient was given 
0.5 gram of quinine dihydrochloride intravenously and this was repeated at 
9:00 p.m., and 7:00 a.m. the next day. In addition, 1.0 gram of quinine sulfate 
was given orally at 3:00 p.m. and 8:00 p.m. of the fourth day and at 3:00 a.m. 
of the fifth day. Two grams of quinine were given orally during the remainder 
of the fifth day. 

A definite clinical response w'as observed vdth each of the three 300 cc. in- 
fusions of plasma. (Thi-ee cubic centimeters of "Eschatin” were given si- 
multaneously.) With each unit of plasma there was subjective improvement, 
the patient being relieved of his apprehensive, semistuporous mental state. 
There were also objective changes such as a blood pressure rise from 64 mm. of 
mercury systolic and 0 mm. diastolic to 100 mm. systolic and 60 mm. diastolic. 
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Fifteen hours after the onset of the shock syndrome the patient showed def- 
inite clinical improvement. His blood pressure was 112 mm. of mercuiy systolic 
and 60 mm. diastolic, the pulse rate w'as 108 per minute, and the respiratory rate 
24 per minute. The erythrocytes stili showed 5 per cent parasitization on the 
fifth hospital day, the hemoglobin being 88 per cent (Sahli), erythrocjdes 
4,650,000 per cu. mm., and the hematocrit 37. The urine contained granular 
and hyaline casts and 1 plus albumin. The nonprotein nitrogen was 68.3 mg. 
per 100 cc. of blood, the creatinine 3.7 mg. per 100 cc. of blood, and the potas- 
sium 14.0 mg. per 100 cc. of serum. There was gradual defer^i-escence during the 
following nine days while the patient continued to receive 2.0 grams of quinine by 



mouth each day. The number of parasites in the blood gradually decreased and 
on the eighth day they disappeared. At this time the hematocrit was 30 and the 
icterus index was 30. Tv'o weeks after admission the sedimentation rate was 
124 mm. in one hour (Westergren). All blood findings gradually returned to 
normal. Electrocardiograms were negative throughout except for slight evidence 
of myocardial damage. On the seventh hospital day he became irrational, 
incoherent, and quarrelsome, showing paranoid ideas. The psychotic mani- 
festations disappeared after two days and there were no residual changes. Three 
months later this patient was readmitted to the hospital with a mild hepatitis. 
His blood pressure was 128 mm. of mercury' sj'stolic and 76 mm. diastolic. 
His blood findings were negative except for the changes associated with the 
jaundice. 

Case S. A 32 j-car old white male was admitted to the hospital on August- 
27, 1942. In 1934 he had malaria in Haiti with an uncomplicated response tn 
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trcntmeni. Three clays before admission he developed headache and backache, 
and subsequently he o.vperienccd chills and fever. For two days he had vomited 
occasionally and had mild diarrhea. On admission his temperature was 100.8°F., 
his pulse rate 100 per minute, his blood iiressurc 130 mm. of mercuiy sj’stolic and 
70 diastolic, and his rcspiratoiy rate was 16 per minute. Ph^^sical examination 
was c;«ontially negative. Examination of his blood revealed hemoglobin 75 
per cent (Tallqvist), crthrocytcs 4,230,000 per cu. mm., leukocytes 4,100 per cu. 
mm., with a differential count of 05 per cent ncutrophilcs and 35 per cent lym- 
phocytes. Approximately 1 per cent of the eiythrocyles were infected with 
Plasmodiu7n falcipanm. lie was given 0.75 grams of quinine by mouth two 
hours after admission. Because of vomiting 0.2 gram of atabrine was injected 
intramuscularly two houi-s later. Six hours after admission the ciythrocjde 
count liad risen to 5,650,000 per cu. mm. and liis hematocrit was 47. At this 
time the blood pressure was still 130 mm. of mercuiy' systolic and 70 diastolic, 
the temperature was 103°F., the pulse rate 110 per minute, and the respiratory 
rate 20 per minute. Two thousand cubic centimeters of fluids with 1 gram of 
quinine dihydrochloride were administered intravenously; 0.5 cc. of epinephrine 
was injected subcutaneously. In spite of this therapy the temperature rose to 
103.8°F., the patient became increasingly lethargic, his skin was cold and moist, 
and eight hours after admission the blood pressure had fallen to 90 mm. of mer- 
cury systolic and GO diastolic. Intravenous fluids and the usual supportive meas- 
ures were continued and he was given 1 gram of quinine and 0.1 gram of atabrine 
by mouth. Nine hours after admission he began to show clinical improvement. 
Eleven hours after admission the temperature was 101. 0°F., the pulse rate 88 per 
minute, the respiratory rate 16 per minute, and tlie blood pressure 104 mm. of 
mercury systolic and 72 diastolic. The hematocrit at this time had fallen to 36 
and the red blood cell count to 4,590,000 per cu. mm. Thirteen hours after 
admission he was given 1 gram of quinine and 0.1 gram atabrine by mouth. 
Thereafter, atabrine ^vas discontinued and the patient received 2 grams of qui- 
nine orally in divided doses for si.x days. He had an uneventful convalescence, 
with the hematocrit and eiythrocjde count remaim'ng essentially unchanged. 

Case S. The patient was a 37 year old white soldier who had no histoiy^ of 
previous malaria and had not received antimalailal drugs “prophylactically.” 
His illness started with a light chill and a dizzy sensation on Ma 3 '’ 21, 1944. 
Nine days later he finally reported to Iris station hospital semidelirious and 
apparently dehydrated from vomiting. Plasmodium fakipanmi was found m 
the blood smears and he was transferred to another hospital because of the 
severity of his illness. On admission he was mentallj’’ confused and appeared 
dehydrated, although his skin was damp and clammy. Ph 5 '-sical examination 
revealed a palpable, tender spleen and tenderness in the region of the liver. 
His blood pressure was 86 mm. of mercuiy systolic and 56 mm. diastolic, the 
rectal temperature was 99°F., the pulse rate was 92 per minute, and the respira- 
tory rate was 30 per minute. Examination of the blood smear on admission 
showed 12 per cent parasitization of the ei-jdihrocytes and a few crescents. His 
hemoglobin was 77 per cent (Hellige), erythrocytes 3,440,000 per cu. mm., and 
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leukocytes 9,250 per cu. mru. The urine contained 1 plus albumin aud granular 
casts. He was immediately given 0.2 grams of atabrine intramuscularly and 0.5 
grams of quinine in 1,000 cc. of 5 per cent glucose intravenously. Two hours 
after admission his blood pressure had dropped to 70 mm. of mercury systolic 
and 50 mm. diastolic, the rectal temperature was 99.2°F., the pulse rate was 120 
per minute, its quality weak and thready, and the respiratory rate was -30 per 
minute. Three hours after admission an infusion of 250 cc. of plasma was given, 
but the patient remained in shock; he was cyanotic, restless, had hiccups, and the 
skin remained cool and moist. Seven hours after admission the blood pressure 
was 66 mm. of mercury systolic and 40 mm. diastolic. Fluids were administered 
intravenously with an additional 0.5 grams of quinine dihydrochloride. He also 
received 0.5 cc. of epinephrine iotramuscularly, 2 cc. of “Eschatin” intravenously, 
and oxygen therapy was started. Twelve hours after admission he seemed to be 
recovering from shock; his blood pressure was 90 mm, of mercury systolic and 
60 mm. diastolic, his pulse rate was 88 per minute and of good quality, his res- 
pirations were 24 per minute, and his oral temperature was 102,6‘’F. During the 
first twenty-four hours he received a total of 3 grams of quinine and 0.4 grams of 
atabrine. On the second hospital day examination of the blood revealed: 
hemoglobin 48 per cent (Hellige) ,' erythrocytes 2,050,000 per cu. mm., leukocytes 
7,100 per cu. mm., with 94 per cent neutrophiles, 1 per cent myeloc 3 des, and 5 
per cent lymphocytes; platelets 60,000 per cu. mm., 1 per cent parasitization of 
erythrocytes, sedimentation rate 40 mm. in one hour (Westergren), and hema- 
tocrit 32. There were no purpuric or hemorrhagic manifestations. He was 
given a transfusion of 500 cc. of whole blood and the intensive antimalarial 
therapy was continued. On the third hospital day he was much improved and 
could retain the usual orah quinine medication. His blood findings gradually 
returned to normal; crescents were found until the seventh hospital day. He 
regained the ten pounds that he had lost and was discharged two months after 
admission. 

Case Jf? A 34 year old male was admitted to the hospital on May 29, 1942. 
He had never had malaria or other major illnesses. Three days before admission 
he developed chills, fever, headache, backache, generalized malaise, and moderate 
diarrhea. He appeared tired and weak on admission. His temperature was 
101°F., pulse rate 82 per minute, respirations 20 per minute, and blood pressure 
95 mm. of mercury systolic and 65 mm. diastolic. Except for moderate in- 
jection of the throat, dental caries, and a barely palpable spleen, the physical 
examination was negative. Examination of the blood showed moderate in- 
fection with Plasmodium falciparum and a leukocyte count of 4,200 per cu. mm. 
Twenty minutes after admission 2 grams of quinine sulfate were administered 
orally. Five hours after admission his condition was unchanged except that 
his temperature had risen to 102.4°F. Six and one-half hours after admission 
he was found in shock. The skin was cold and clammy, the pulse imperceptible, 
the temperature 96°F., and the blood pressure was 60 mm. of mercury systolic 
and 40 mm. diastolic. He had a profuse watery bowel movement. Shock 

* This case was included in a previous report (15). _ 
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treatment was started immediately. His feet B-ere elevated, heat was applied, 
0.5 cc. of epinephrine was injected subcutaneously, and 1,000 cc. of 5 percent 
glucose in saline followed bj' 250 cc. of plasma were given intravenously. Eight 
and one- half hours after admission the patient’s condition was much improved; 
liis pulse rate was 72 per minute and of good quality, his temperature was 96.6®F., 
and his blood pressure was SG mm. of mercury S3'stoIic and 6G mm. diastolic! 
Eleven hours after admission his blood pressure was 100 mm. of mercuiy systolic 
and 60 mm. diastolic. Combined treatment vdth quinine and atabrine was 
continued with no further complications. 

Case 5. A 47 year old white female was admitted to the hospital on June 2, 
1942. She had never had malaria or other major illnesses. Two days before 
admission she developed fever, headache, malaise, and subsequently she had 
chills, nausea, and vomiting. Physical e.\amination was essentially negative 
except that the temperature was 103°F. and the pulse rate was 120 per minute. 
Examination of blood showed moderate infection wth Plasmodium falciparum, 
leukocytes were 6,250 per cu. mm., erythrocytes 4,020,000 per cu. mm., and 
hemoglobin was 76 per cent (Tallqvist). She was promptly started on oral 
atabrine therapy, receiving 0,1 grams three times daily. Her temperature 
dropped to 98°F., but sixteen hours after admission it again rose to 101.5°F. 
and the blood still showed moderate parasitization. She was given an additional 
0.2 grams of atabiinc intramuscularly. Twenty hours after admission she 
suddenly went into a "moderate shock state,” according to the note of the 
attending physician. She was "nauseated, vomited, cj^anotic, ndth a thin, 
thready, barely perceptible pulse.” The attending physician stated that the 
blood pressure was significantly lowered, but did not record the exact level. 
Shock therapy was immediately instituted, and consisted of elevation of the 
feet, heat, 0.5 cc. of epinephrine subcutaneously, and 1100 cc, of 10 per cent 
glucose in saline intravenously. She made a satisfactory response and all the 
clinical manifestations of shock disappeared. Four hours later the temperature 
was lOS^F,, the pulse rate was 112 per minute, and the respiratory rate was 28 
per minute. The following day, although subjectively she was much improved, 
the blood was still heavily parasitized. Intravenous and oral quinine therapy 
was instituted Avith good response except for the development of transient deaf- 
ness and vertigo. 

Case 6. The patient was a 25 year old, white soldier who was admitted to the 
hospital July 31, 1942. He had not received “prophylactic” quinine and had 
never had malaria. Ten days before admission he began to have fever, malaise, 
and muscular aches. On each of the three days before admission he had a clnll. 
Because he was scheduled to return to the United States on furlough, he failed 
to report his illness until the day of admission when, follorving another severe 
chill, he was found to have a temperature of 105°F. He was acutely ill and to 
the clinician he appeared to be “in moderate shock.” His blood pressure was 
100 mm. of mercury systolic and 20 diastolic. Physical examination was 
essentially negative except for a tender spleen palpable 3 cm. below the cost^ 
margin and a blowing systolic murmur in the aortic area. His skin was hot and 



MEDICAL SHOCK IN ALGID MALARIA 


217 


clammy, temperature 105°F., pulse rate 120 per minute, and respiratory rate 
2S per minute. There were 4,070,000 eiythrocytes per cu. mm, of blood, 5,000 
leukocytes per cu. mm. of blood, and the hemoglobin was SO per cent (Tallqvist). 
The hematocrit was 37.5, Two per cent of the erythrocytes were infected 
with Plasmodium falciparum. He was immediately started on oral atabrine 
in large doses. Two hours after admission he still appeared to be in incipient 
shock; the blood pressure was 90 mm. of mercui^’’ systolic and 10 diastolic. 
Intramuscular atabrine was administered and a plasma infusion was prepared. 
He then started to improve so the plasma was not given. Seven hours after 
admission liis blood pressure was 110 mm. of mercury s5"stoIic and 50 diastolic. 
From that time he continued to respond normally and the aortic murmur dis- 
appeared. On the second, fourth, and fifth days in the hospital his hematocrit 
ranged from 25 to 28 and his red blood cell count was 3,200,000 per cu. mm. 
Malaria parasites were not found in the smears after the second day. 

DISCUSSION 

These cases of algid malaria showed the clinical findings of medical shock 
including lowered blood pressure and other signs of vasomotor collapse. Hemo- 
concentration, evidenced by an increase in the hematocrit, red blood cell coimt 
and hemoglobin, was demonstrated in the 3 cases in which adequate studies were 
made. The final evidence for shock in these cases was the response to replace- 
ment therapy. Plasma was used in 3 cases, whole blood transfusion in 1, oxygen 
in 2, “Eschatin” in 2, intravenous fluids in 5, and epinephrine in 5. Once the 
shock syndrome develops appropriate supportive measures must be taken at 
once but specific therapy of the malaria infection should be vigorously continued. 

The essential feature in shock is the disparity between the circulating blood 
volume and the size of the vascular bed. Tliis may be produced by factors which 
have been classified by Blalock (19) andDunphy (20) as neurogenic, vasogenic, 
or hematogenic. The neurogenic factor (associated with "prim^'ry” shock) and 
the vasogenic factor, produced by histamine, poisons, anaphylactic agents, etc., 
act by dilating capillaries, thus increasing the peripheral vascular bed. The 
more common hematogenic type is characterized by a decrease in the circulating 
blood volume due to loss of water, plasma, or whole blood. 

Blalock (19) stated “little is known about the mechanism of the circulatory 
failure that occurs so frequently in typhoid fever, pneumonia, and other severe 
infections.” It is thought that one of the three mechanisms usually initiates 
the shock syndrome and as the disease progresses the othem become active. 
Aub and his coworkers (21) have shown that experimental traumatic shock in 
dogs is due, not only to local .plasma loss caused by the trauma, but also to an 
enzymic bacterial “toxic factor” which is produced by Clostridia frequently 
found in the wounds. In medical shock occurring terminally in various acute 
infections. Stead (22), however, was unable to find any of these specific mech- 
anisms to be primarily responsible; there w'^as no evidence of hemoconcentration, 
the plasma volume was normal, and plasma and whole blood transfusions failed 
to improve the circulation. 
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• In malaria, the significance of the “vasogenic” and “neurogenic” mechanisms 
is difficult to determine from the evidence now available, although it is possible 
that dilatation of ^the capillary bed may be caused by hemolyzed red blood cell 
constituents or by proteins of parasitic origin. In our cases there was more 
evidence for “hematogenic” shock than either of the other types. Depletion 
of the circulating blood volume in malaria may be produced in three ways. 

1. It may be caused by the loss of Avater and electrolytes due to vomiting, 
' diarrhea, and diaphoresis. 

2. The hemolysis of red blood cells may be equivalent to the loss of whole 
blood through hemorrhage. Rigdon (13) postulated that shock in malaria may 
be due to anoxemia of the capillary bed caused by “rapid destmction of red 
cells” and “high degree of parasitization.” In our cases the degree of parasitiza- 
tion and the slight anemia did not seem sufficiently severe to be responsible, in 
themselves, for the development of shock. While conducting this study we 
observed patients with more than 20 per cent parasitization of the peripheral 
blood cells and an erythrocyte count of barely 4 million who shoAved no evidence 
of shock, the hematocrit and blood pressure remaining essentially the same 
throughout the disease. Most of our shock cases shoAved greater anemia and 

. some shoAved equal parasitization on the day after recovering from shock. The 
significance of intravascular clumping of erythrocytes in the production of an- 
oxemia, as has been observed by Ehisely, Stratman-Thomas, and Elliott (23) 
in monkey malaria, has not been determined but this phenomenon is knoAvn to 
occur in the late stages of shock. 

3. The demonstration of hemoconcentration early in the deA'^elopment of the 
shock syndrome (Case 2) suggests that loss of plasma alone may be the initiating 
factor. Plasma loss may folloAV damage to the capillary AAnlls by the action of 
hemolyzed erythrocyte constituents such as proteins and potassium, or “toxic” 
agents of parasitic origin. 

Additional laboratory studies of blood changes, particularly determinations 
of plasma volume, electrolyte balance, the specific gravity of blood and plasma, 
and the plasma proteins may help in elucidating the specific mechanisms which 
initiate medical shock in cases of algid malaria. 

SUMIARY 

EAudence, in the form of 6 case repor-ts, has been presented that algid malaria 
is due to the development of medical shock. This concept provides the clinician 
with a Avhole group of aa’^cII recognized therapeutic aids for the treatment of a 
serious and often fatal illness. 
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INTRODUCTION’ 

Various methods of dissecting female anophelincs to determine the presence 
or absence of oocysts of plasmodia on the stomach and of sporozoites in the 
salivary glands are in use. Numerous descriptions of these procedures have 
been recorded in the literature, many being modifications of the method outlined 
in 190S by Stephens and Christophers and later by Barber. Others who have 
contributed to this aspect of malariologj’ include MacGregor, 1928; Craig, 1909; 
Boyd, 1930; Barber, 1930; Barraud, 1934; hlissiroli, 1934; Russell and Baisas, 
1935; Barber and Rice, 193G; Christophers and Covell, 193G; Wilcox and Logan, 
1941 ; Covell, 1941 ; Simmons and Mtkcn, 1942; Puri, 1942; Blacklock and Wilson, 
1942; Sevensson, 1943; and Gciman, 1944. 

At the Army Medical School it has been ncccssar}' to teach mosquito dissection 
to large groups of individuals who have had little or no previous training in 
entoraolog 3 \ The size of the staff available for teaching this material has been 
limited. Therefore, several different dissection techniques Imvc been tested in 
an attempt to determine the most suitable method under such circumstances. 
The following teaching outline has been found to be satisfactorj' and is presented 
in the hope that it may prove useful at other institutions where a similar problem 
cjdsts. It should be emphasized that the techniques here outlined are not orig- 
inal, but instead represent a combination of certain features of previously de- 
scribed methods that have proven to be useful in the classroom. 

PROCEDURE 

The successful teaching of mosquito dissection by this method requires a min- 
imum of one preliminary lecture and two laboratory periods of at least two 
hours each. 

1. The preliminary lecture should include a brief description of the anatomy 
of the mosquito to orient the entomologically untrained person. This may be 
done with the aid of lantern slides. Unnecessary morphological detail should 
be avoided. 

2. In the first laboratory period a minimum of two freshly killed uninfected 
mosquitoes are provided for each student. These are used for both stomach 
and salivarj’’ gland dissections. While any species may be employed for stomach 
dissection, anophelines are preferred for salivary gland dissection. When these 
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221 



222 


G. Vr. HUNTER, T. H. WELLER AND W. G. JAHNES 


are not available, however, either CiiUx or Acdcs ms,y be substituted satisfactorily. 


The following demonstrations have been utilized in the first laboratoiy period: 

Defnonstraiton TyPt oj Prepzraiicn 

Alimentary tract and ovaries Permanent mount- 

Unstained stomach Permanent mount 

Freshly dissected stomach Temporary mount 

Head of mosquito with tag of tissue and salivary glands protruding Permanent mount 

Freshly dissected glands Temporary mount 

Stained normal glands Permanent motint 


3. In the second laboratoiy period a minimum of two freshly lulled infected 
mosquitoes are provided for each student. These may bo obtained by feeding 
the mosquitoes on birds infected with avian malaria, or by cooperation with 
hospitals where induced malaria is used in the treatment of neurosj'philis. The 
demonstrations considered desirable for the second laboratory period are as 


follows: 

Demonstretion Tyfc ef rreparathn 

Living gamctocytc of P. calhemcrium showing cxflagollation^ Temporary mount 

Stained gametocyte of P. calhemcrium showing cxdagellntion Permanent mount 

Unstained infected mosquito stomach® Permanent mount 

Freshly dissected infected mosquito stomach '. . . Temporary mount 

Infected mosquito stomach with small oocysts Permanent mount 

Infected mosquito stomach with large oocysts Permanent mount 

Infected salivary glands under high dry objective Permanent mount 

Infected salivarj- glands under oil objective Permanent mount 

Frcshlj' dissected infected salivary glands Temporary mount 


DIRECTIONS FOR DISSECTION 

A. Equipment Needed: 

1. Clean glass slides 

2. Small square cover glasses (No. 1), 9-11 mm.® 

3. Relaxing chamber' 

4. Aqueous methylene blue in 0.85 per cent NaCl solution 

5. Needles or dental probes 

0. Fine forceps 

7. 70 per cent alcohol 

8. 0.85 per cent NaCl solution 

9. Dissecting microscopes 

B. Preparation for Dissection: 

1. Kill mosquitoes with chloroform, carbon tetrachloride or tobacco smoke 
shortly before they are to bo used. 

a. Tliej' .riiould not contain recently ingested blood. An engorged mos- 
quito v.'ill show a dark area in the ventral abdominal region. Re- 

Can be dcmonstr.-itcd in canarA- blood by fresh drop examination aft/r an inerra.-e in 

gametoevtes has been noted. .. 

•Cufex pipicna or C. qitimitrfaicialus infected with P. cathermcrium may he u'-'d H 
A . qurtdrimcc’daliix infected with a human strain is not available. 

• Can be cut from IS or22 mm. snu.are cover glasses with a diamond point. 

Petri dish cont.aining moist blotting paper xvill sulTiee. 
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cently caught anophelines should be kept in tubes with moist cotton 
plugs or in “mosquito hotels” for 48 hours, thus allowing time for 
digestion of a blood meal. Should it be necessary to examine a re- 
cently engorged mosquito, the blood may be removed by pricking 
the abdomen and then applying gentle pressure, 
b. The abdomen should not be distended by fully developed ovaries. 
If the specimen is gravid, the white ovaries may be seen shining 
through the abdominal wall. 



Fro. 1. Position of needle in nicking abdomen of mosquito 
Fig. 2. Technique of removing stomach 

2. Identify to species. 

3. Remove legs and wings, and place body with abdomen touching a drop 
of saline solution on a clean shde under a binocular dissecting microscope. 
Some workers prefer to dip the mosquito in 70 per cent alcohol before 
dissecting. 

C. Dissection of Stomach: 

1. Orient the body with the abdomen pointing toward you. 

2. Hold the mosquito by transfixing the thorax with a needle at a point close 
to the junction of the abdomen with the thorax. 

3. With a second needle nick the integument on both sides of the next to 
the last abdominal segment so as to partially sever the chitinous wall 
(Fig. 1). 
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4. Place tlie free needle on tlie partially separated terminal abdominal seg- 
ments and by gentle intermittent traction draw out the stomach and the 
attached Malpigliian tubules and ovaries (Fig. 2), If the gut does not 
pull out readily, and appears about to break, cease the traction and gently 
prod the posterior portion of the thorax vdth the free needle; this may aid 
in severing the anterior end of the gut. 

. 5. Set aside the remainder of the mosquito in saline solution for salivary 
gland dissection. 

6. Before examining the stomach for oocysts, place a cover glass on the Auscera 
and identify the following structures (Fig. 3): 

a. The large stomach which is expanded posteriorly. 



Fig. 3. Diagrammatic side view of mosquito showing internal organs with ovaries omitted 

(modified from various authors) 


b. The MaVpighian tubules attached near the posterior end of the stomach. 
These usually appear as stiings of “small sausages” extending anteriorly 
and overlying the stomach. 

c. The intestine ending in a large rectum with indistinct rectal papillae. 

d. The ovaries (See Fig. 2). In gravid females much of the abdominal 
cavity may be filled with developing eggs. 

7. Prepare the stomach for examination for oocysts as follows: 

a. Remove excess saline with filter paper. 

b. Carefully sever the gut posteriorly to the stomach and transfer stomach 
to a fresh di'op of saline on the same slide, discarding attached Mal- 
phigian tubules, intestine, ovaries, and accumulated debris. 

c. Gently lower the cover slip onto the stomach. 

8. Examine the stomach wall for oocysts. 

a. Observe the network of branching tracheal tubules ramifying over the 

organ. 

b. Note the deeper muscular layers. 

c. Using the “high dry” objective search the outer layer containing the 
tracheal tubules for protruding oocysts Avhich appear as foIIow^s (See 

_ Figs. 7-10): 
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(1) Young oocysts: These are clear round bodies that are more re- 
fractile than the stomach cells and contain minute pigmented 
granules. They measure 6 to 12 microns in diameter. 

(2) Older oocysts: These are more opaque than the stomach u'all, 
contain distinct clumps of pigment, and measure 12 to 40 microns 
in diameter. 

(3) Mature oocysts: The mature oocysts measure 30 to 80 microns in 
diameter. They appear finely striated and contain enormous 
numbers of refractile spindle-shaped sporozoites that are 12 to 14 
microns in length. Pigment granules are not present in the mature 
oocysts. 

Caution: Since small protrusions of the stomach membrane or fat cells may 
closely resemble immature oocysts, make sure that the pigment granules char- 
acteristic of the immature stages are present. The large oocysts are unmis- 
takable. 



Figs. 4-6. Steps in removing salivary glands (modified from Blacklock and Wilson, 1942) 

D. Dissection of the Salivary Glands: 

1. Place mosquito (or the head and thorax if they were saved) in a drop of 
saline stained light -blue with methylene blue and proceed as follows: 

a. Arrange mosquito on its side with the head directed towards you. 

b. With the side of a needle exert gentle and continuous pressure on the 
anterior part of the thorax so that the neck bulges slightly (Fig. 4). 

c. At the same time place the other needle behind the head and gently 
pull the head away from the thorax (Fig. 5). 

d. As the head tears free from the thorax a small tag of tissue will be seen 
attached to the head. This tissue should contain the salivaiy glands 

(Fig. 6). 

e. Transfer the head and attached tissue to a fresh drop of saline. 

f. Isolate the salivary glands: 

(1) Using the dissecting microscope look for the glands in the attached 
tissue. They are a pair of small, trilobed, refractile, faintl}'^ blue- 
staining bodies (Fig. 11). Caution: The glands may be easily 
overlooked since they may be partially hidden in the tag of tis.sue. 
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Fig. 7. Stained sloinaeli showing an nmi.snally licavy infeetion of oorj’sts (P. vivax). 

Fig.S. Unstained oocyst P. vivax. Notice Malpighian tubules. 

Fig. 9. Oocyst containing developing sporozoites. 

Fig. 10. Empty oocj'sl capsule 

U. S. Army Medical Museum, Neg. No. 430 IS. 

Fig. 11. Freshly dissected salivary glands, unstained, lower power. 

Fig. 12. Salivary gland unstained showing spoiozoitcs; Ingh power. 

Fig. 13. Sporozoites, Giemsa’s stain (P. vivax). 

(2) Tease the glands free from the tissue. 

(3) Discard the debris and then mount the glands under a small cover 
glass (9-11 mm.). 

(4) Examine the salivary glands (Figs. 11, 12) and the surrounding 
region carefully under low and high dry objectives for the charac- 
teristic spindle-shaped sporozoites. Then crush the glands bj' 
applying pressure to the cover slip and examine. 
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(5) Remove the cover glass and allow the material on it and on the 
slide to dry. Fix both preparations in methyl alcohol and stain 
with Giemsa’s stain (Wright’s stain may be used, omitting fix- 
ation). 

If desired, the cover slip may be mounted smear side up on the 
slide. Examine with the high dry and oil immersion lenses for 
sporozoites, which appear as slender blue-staining spindles with a 
central red chromatin dot (Fig. 13). 

DISCUSSION 

It should be borne in mind that the methods outlined above are recommended 
for beginners only, and it is expected that such a procedure iviU, of necessity, 
be modified in the field as the worker becomes more proficient in making dissec- 
tions. This will be essential if an attempt is made to determine the percentage 
of salivary gland positive mosquitoes in a given locality. 
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TSUTSUGAJMUSHI DISEASE (SCRUB OR MITE-BORNE TYPHUS) IN 
THE PHILIPPINE ISLANDS DURING AMERICAN RE-OCCUPATION 

IN 1944-451 
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RALPH R. SULLIVAN’ 

From the United Stales of America Typhus Commission, 

War Department, Washington 

Investigations considered in this report began with the first appearance of 
scrub typhus in American forces after the landings and re-occupation of the 
Philippine Islands in 1944-45. Cases were recorded in December 1944 by med- 
ical officers recognizing the disease as it was contracted by combat infantrymen 
fighting through the Leyte Valley on Leyte Island. Observations beginning at 
that time continued until August 1945 during which period 241 cases of scrub 
typhus are known to have occurred in American Military personnel throughout 
the Philippine Archipelago. 

Experience in New Guinea and adjacent islands reported in collaboration with 
the Surgeon SWPA, (Kohls et al (1945), Blake et al (1945) and others) with 
tsutsugamushi disease ser^'^ed not only to alert army medical personnel to the 
hazards of this mite-borne typhus-like disease but likewise thoroughly acquainted 
our medical authorities with the diverse epidemiological problems involved. 
Information on dangerous terrain, types and habits of the mite vector and con- 
trol by camp area clearing and clothing impregnation were contributions of the 
early investigators in the South Western Pacific Area. The identification of 
scrub (mite-bome) typhus with tsutsugamushi disease as seen in Japan leads us 
to the use of these terms interchangeably in the subsequent discussion. 

It is remarkable that incontrovertible evidence of tsutsugamushi disease in 
the Philippine Archipelago was not forthcoming imtil its occurrence in troops 
during military operations in the present war. In view of its present appearance 
in the coastal areas of the southern peninsula of Samar, we feel that the cases 
described by Ashbum and Craig (1908) from an Army camp (Connell) on the 
west coast of Samar in January of that year were probably instances of the 
disease. Febrile courses in both of approximately 2 weeks mth rashes of several 
days duration, adenopathy, negative Widals and malaria smears, with leuko- 
penia all contribute to this probability in spite of absence of the typical eschar. 
Both authors had seen the classical disease in Japan and the senior author ob- 
■served these patients clinically. It is true that the evidence presented does not 
preclude the possibility of infection with murine typhus. Foster (1912) four 
years later in a clinical study presented evidence that “endemic typhus” was 

’Presented at the Forty-first Annual Meeting of the American Society of Tropical Medi- 
cine, November 13-15, 1945. . ' 

’Lt. Colonel, Sn.C., AUS. 

’Lt. Colonel, M.C., ORC. 

’Lt. Colonel, M.C., AUS. 
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occurring on the Island of Mindanao, but he suspected transmission by the head 
louse. 

Do Roda (1937) published the results of a serological survey of blood specimens 
from a group of 500 patients hospitalized in Manila with the diagnosis of 
influenza, typhoid fever and tuberculosis. Although not attempting to differ- 
entiate between murine and tsutsugamushi disease his study employing one or 
more of the three proteus organisms (0X19, 0X2, OXIC) revealed high titers 
with the sera of 47 of the cases. In this group of patients showing high proteus 
agglutinins 3 died, among whom 2 had the post mortem findings of tjiihoid fever 
, and one of tuberculous meningitis. De Roda selected a titer of 1 /500 as a signifi- 
cant diagnostic level since suiweys of sera submitted for the Wassermann and 
other reactions often revealed agglutination of 1/100, 1/200, and rarely 1/500. 
High titers (over 1/500) for OXIv, 0X19, and 0X2 occurred in 5 different indiv- 
iduals and of his serologically significant OXIC patients 5 were of urban and 7 
of rural origin. The clinical course of the disease is not specifically presented 
for these individuals. His work nevertheless suggests that some form of 
typhus fever was being encountered. 

In World War II during the Japanese occupation of the Philippines, cases 
apparently occurred in their forces on Mindanao as recorded in ADVATIS Bulle- 
tin No. G4 (14 Dec. 1944). Reference to the original captured medical document 
in Japanese gives no specific location and refers only to an unlcnown febrile in- 
fection resembling Japanese River fever with rash, adenopathy and positive 
Weil-Feli.x (type unstated, but presumably OXIC with which certain of their 
field laboratories were knovm to be familiar). In United States Army forces on 
Mindanao only 2 cases of rickettsial disease became known to us. One was 
proved serologically to be murine (flea-borne, 0X19) typhus and the other, 
listed later, appears to have been a case of tsutsugamushi disease contracted 
during combat. The exact locality of the exposure to infection could not be 
determined Avith certainty.- Foci in which infections have been contracted in 
American troops have appeared during operations on the Islands of Leyte, Samar, 
Mindoro, Luzon, Negros and Mindanao. Presence of tsutsugamushi disease on 
each island has been confirmed by clinical and laboratoiy studies, and by the 
recovery of the eitological agent in white mice from a patient on Samar, as 
detailed below, and the conditions under which infection took place in most 
localities have been explored. 

IDENTIFICATION OF THE DISEASE 

Recent clinical studies undertaken by various military observers since the _ 
advent of the Pacific War augment nicely certain features lacking in much of the 
prior classical descriptions of scrub typhus. In a recent monograph Blake et al 
(1945) have exhaustively re-viewed the voluminous literature and added their own 
clinical and laboratory observations on patients in New Guinea. Since that pub- 
lication Levine (1945) has evaluated the cardiac and general circulatory distur- 
bances in this disease. His bedside observations coupled with electrocardiograms, 
measurements of vital capacity of the lungs, roentgen examination of the hearts, 
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exercise tolerance tests, and determinations of the Schneider index during early 
convalescence added valuable information. The evidence which he presented 
indicated that residual myocardial damage, per se, following scrub typhus in- 
fection is extremel}’’ uncommon. Howell, (1945) utilizing a group of 200 cases 
observed somewhat earlier in the course of the infection confirmed these findings. 
Our obsciwations on 20 patients emplojung when feasible electrocardiograms, 
blood pressure readings, exercise tolerance tests and bedside studies support their 
conclusions. Gottfreid (1945) and others have investigated various physiological 
and blood chemical changes. The lowering of plasma proteins with a reversal of 
the albumen-globulin ratio is now well recognized in severe cases. Deficient 
quantities of fibrinogen and a rather pronounced hj'pochloremia during the acute 
febrile phases are significant physiological alterations. » 


TABLE I 

Incubation period of a group of cases: Bicol Peninsula, Luzon 
Beach Landing on April 29, 1945 


CA5C 

KO. 

DAYS ON BEACH (EXPOSOSe) 

ON’SET 0? 
ILIKXSS 

»AKCC or 
IKOTBATIOH 
m PAYS 

APUnTED TO 
DOST. 

COKTXSJfATORY EEEOLOCY 

OXK 

C. Fii. 

1 

Apr. 29-May 3 

May 9 

5-10 

May 12 

1/160 

1/32768 

2 

Apr. 29-May 2 

May 13 

9-14 

May 17 

1/320 

1/4 

3 

Apr. 29-Apr. 30 

May 14 

13-15 

May 16 

1/160 

1/4096 

4 

Apr. 29-May 5 

May 15 

9-15 

May 21 

1/320 

1/32768 

5 

Apr. 29-May 1 

May 16 

14-17 


1/640 

1/512 

6 

Apr. 29-Apr. 30 

May 16 

15-17 

May 18 

1/40 

1/256 


We will merely present briefly the characteristic clinical features of the disease 
as observed in these soldiers contracting it in the Philippines. Detailed descrip- 
tions of the clinical course in individual cases are not presented since they differ 
in no essential respect from those given by previous authors. 

Clinical Observations 

Our most reliable data on incubation were obtained from a small imit outbreak 
occurring in landing forces on southern Luzon in April 1945. The infecting area 
was locahzed to a section of sandy beach overgrown with coconut pahn cover 
not over 300 yards in length and 200 yards in depth. Assuming that infection 
was probably acquired on this beach strip, Table I indicates a maxhnmn range of 
5 to 17 days incubation, a figure coinciding in general with other known localized 
episodes of scrub typhus throughout the South West Pacific, the shortest of 
which was 7 days (Kohls et al, 1945). 

Cases of scrub tjphus with a typical clinical picture have been encountered 
on each of the Phihppme Islands considered in this study. Lymph glandular en- 
largment has been an almost imiversal feature with early and marked reaction of 
the satellite glands in the region of the eschar. The location of the eschar has 
been variable. It has been observed and recorded in fully 40 per cent of all the 
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Philippine cases, while on hlindoro over 65 per cent presented this sign. Multi- 
ple primary lesions were reported in 2 instances. A maculo-papular rash was 
recorded in just 50 per cent of the cases on whom some clinical data was available. 
The rash has varied from a fleeting morbilliform eruption to a maculo-papular 
petecliial lesion of 4 to 8 days duration. In the seriously Ul patients evidence 
of general circulatory embarassment -with cyanosis, tachycardia, lowered arterial 
tension and dyspnoea usually developed. In many of these same cases e'vidence 
of central nervous system involvement ■with delirium, deafness, tremors, and 
frank con^vulsions were also observed. 

A continuous febrile course ranging from 10 to 21 days has been the rule. 
Pyrexia of 103 to 105°F. during the second week of illness was not uncommon. 
Intense headache ivith general malaise, weakness, anorexia, and nausea have been , 

TABLE II 


Salient clinical and serological data on the Philippine cases listed for each island 


ISLAND 

KUMBER or 
CASES 

RASQ 

ESCHAR 

DEATHS 

weil-felix reaction 

Positive 

OXK* 

Rise ia 
Titer 

Mindoro 

95 

15 

64 

6 

34 

6 

Samar — Army .... 

22 

7-1- 

7+ 

2 

9 

3 

Navy 

66* 



0 

66 


Luzon 

28 

19 

9 

2 

23 

14 

Negros 

■7 

3 

7 

0 

4 

2 

Leyte '. . . . 

3 

3 

2 

0 

2 


Mindanao 

1 


1 

0 

1 


Totals 

222 

47 

90 

10 

139 

25 

Percentages .... 


21 .2t 

40.5t 

4.5 

62.6 

11.3 


■ * Agglutination of standard suspension in serum dilutions greater than 1;80. 

t Clinical observations under field conditions did not always permit careful examina- 
tion of these patients for rash, and eschar. 

^ Incomplete. 

frequent complaints during early and acute phases. Conjunctival injection with 
suSusion have been constant. The pneumonitis so frequently observed in scrub 
typhus has not responded to either penicillin or chemotherapy. The frequency 
of splenomegaly was uncertain. 

For purposes of simplicity the significant clinical and laboratory findings are 
tabulated below (Table II). 

Pathology 

Lt. Col. William B. VanderGrift of the llSth General Hospital performed a 
post mortem examination on the two fatal Samar cases. His summary of the 
pathological findings is as follows: “Lesions were extremely widespread and in- 
volved practically all organs, including skeletal muscles and loose connective 
tissue. Spleens and lymph nodes were slightly to moderately enlarged. Myo- 
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cardium of each case was diffusely mottled with tiny grayish-pink foci. Uniform, 
light gray, translucent consolidation involved most of the lungs m each case. 
Brains were hyperemic and edematous. Petechial hemorrhages were incon- 
spicuous. The outstanding microscopic jBnding was numerous mitotic figures in 
the plasma cells, which were the most prominent inflammatory ceU. Vasculitis 
was a rare finding; no vascular nodules were found. In each case the following 
changes existed; acute splenic tumor, lymphadenitis, tracheitis, bronchitis, 
bronchiohtis, interstitial pneumonitis, myocarditis, meningitis, encephalitis, 
swelling of connective tissue cells and infiltration of practically aU organs and 
soft tissue with plasma cells, macrophages and Ijrmphocytes. In addition, one 
case showed many poorly defined necroses and occasional ‘typhus nodules’, 
fibrinous alveolitis and localized atrophy of the upper part of the right lobe of the 
liver.” 

Major J. D. Winslow, Pathologist of the 26th Medical Laboratory, in his micro- 
scopic analysis of the 2 Luzon fatalities reports focal infiltration by lymphocytes 
and mononuclear ceils in the heart, Ixmgs, liver, kidneys and gastrointestinal 
tract, h'linute areas of focal necrosis and hemorrhage vith moderate perivascu- 
lar cuffing by round cells were observed in both cases. 

Mortality 

The overall mortality on the basis of 10 deaths among 222 cases of scrub 
typhus occurring among service personnel in the Philippines is 4.5 per cent. 
From Mindoro there were 6 deaths in 95 recorded cases. The Navy records no 
deaths among 66 seriologically proven patients on Samar in comparison to 2 
fatalities among 22 army personnel in that area. There were no fatalities from 
Leyte or Negros although 2 deaths among the 28 Luzon cases are registered. 
Undoubtedlj’’ prompt hospitalization and good medical treatment contributed to 
the low fatality rate as well as the age and physical condition of American 
military persoimel. 


Laboratory Findings 

The serological findings confirmed the clinical evidence. High diagnostic 
titers of proteus OXK agglutinins were demonstrated by the Weil-Felix test. In 
many instances a rise in titer was found by spaced examinations of blood spec- 
imens in series from the same individual. Antibodies of scrub typhus were also 
demonstrated by a complement fixation test.® In Table III the serological re- 
sults on specimens from the Luzon cases are presente'd. This was our most 
carefully studied group of patients. In general the high OXK titers appeared 
during the latter part of the second week of illness .and throu^out the third and 
fourth weeks. 

'The complement fixation tests were performed by Dr. Ida Bengston, National Institute 
of Health, U.S.P.H.S. The antigen employed in this test will be described in a subsequent 
publication. 



231 


C. B. PllllilP, T. E. WOODWABD AND B. B. SULLIVAN 


Isolation of Etiological Agait 

A virulent strain of Rickettsia orientalis has been successfully isolated by the 
authors from a patient who contracted scrub typhus on the Island of Samar. 
The origin of this strain was blood taken on the 11th day of illness from an 
acutely ill patient (J. H. V.) whose condition at the time of venipuncture was 
complicated by a bilateral pneumonia. Both an eschar and a generalized 


TABLE III 


Results of Wcil-Fclix and complement fixation tests on sera from S8 Luzon eases 


CASE KO. 

Onset 

Vre.lt-TT.LtX PROTEOS OXK 

COUPLEUEKT TIXATION 

Day 

Tiler 

Day 

Titer 

Day 

Titer (Karp 
ant.) 

1 

Jan. 15 

8 

BH 

34 

1/80 



2 

Dec. 23 

5 

mBM 

17 

1/1280 



3 

Feb. 15 

12 






4 

Jan. 25 

15 





' 

5 

Feb. 16 







6 

Feb. 28 

Not available 


16 

1/8192 

7 

Apr. IS 

16 


1 26 

1/2560 



8 

Apr. 22 

Fatal case. Died May 4 No serology 



9 

Apr. 28 

12 

MM 

25 

1/320 

25 

1/64 

10 

Apr. 30 

20 


29 

1/1280 

29 

1/2048 

11 

May 4 

14 






12 . 

May 6 

13 

1/20 

' 23 

1/320 

23 

1/128 

13 

May 6 

10 

1/20 

24 

1/160 

24 

1/2048 

14 

May 7 


1/320 

23 

1/80 

23 

1/128 

15 

May 9 

21 

1/80 

33 

1/160 

33 

1/32768 

16 

May 11 

Not available 




17 

May 13 

18 

1/80 


1/320 

30 

1/4 

18 

May 14 

17 


29 

1/160 

29 

1/4096 

19 

May 15 

16 

1/80 

28 

1/320 

28 

1/32768 

"20 

May 15 

13 


25 

1/320 



21 

May 16 

15 

1/80 

27 

1/640 

27 

1/512 

22 

May 16 

15 

1/20 

28 

1/40 

28 

1/256 

23 

May 17 

14 

1/80 

26 

1/320 

26 

1/4096 

'24 

May 25 

18 






25 

May 27 


1/80 


11/1280 

16 

1/16384 

26 

June 1 

12 

1/80 

1 


12 

1/256 

27 

June 10 

6 



28 

June 15 

Not available 





maculo-papular rash occurred in this individual whose OXK titer at time of 
withdrawal of blood was 1/160. Subsequent examination revealed a final titer 
of 1/1280 on two separate specimens in series. , j 

Two white mice inoculated intraperitoneally died on the 12th and 14tn y 
respectively and the remaining 2 moribund animals were sacrificed on the s&me 
named days for passage. Rickettsiae were observed in preparations made from 
peritoneal exudate and in splenic impression smears after the second passage. 
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Now in the 7th generation, death appears in mice after 8 to 10 days. Viscid 
peritoneal exudate, splenomegaly, pleural effusion, and enlarged inguinal glands 
are consistent features. 

Capt. Byron Bennett, SnC® in further laboratory experiments udth this Samar 
\nrus has successfully demonstrated its reciprocal cross protection udth New 
Guinea and other identified scrub t^'^phus strains. 

EPIDEMIOLOGY 

Geographic Disiribuiion 

Any attempt at comparison of intensity or distribution of infection betw^een 
islands is naturally weighted by the numbers and conditions of exposure of mili- 
tary personnel and of clothing impregnation in combat vmits. Apparently the 
most uddespread foci have been on Luzon, though the total number of cases on 
this Island is less than on either of the single foci found on southeastern Samar 
(Guinan area) or southwestern Mindoro (San Jose area). A map showing geo- 
graphic location of the various foci in the Philippines is presented in Figure 1. 

The major islands which have so far remained without report of infection 
with this disease are Palawan, Panay, Cebu, Bohol and Masbate. It is notable, 
how’ever, that on these islands the number of men engaged in military operation 
was comparatively small. It seems highly probable that a careful field study 
would reveal the presence of the infection on these islands as well. 

Seasonal 

In general, wet and dry seasonal differences are more pronounced on the west- 
ern sides of most of the Philippine Islands than on the eastern (Global Epidemiol- 
ogy 1944). The e.xigencies of troop movement and operations providing variable 
exposure in the cUfferent areas, plus the relative shortness of time in location, 
made it impossible to evaluate satisfactorily any seasonal effect on incidence. 
Judging from previous experience with scrub typhus under relatively comparable 
climatic conditions in New Guinea, one wmuld not expect any approach to the 
marked seasonal occurrence reported in northern Japan. 

The epidemic in southwestern Alindoro was coincident with the dry season, 
but also with the maximum exposure during initial operations. There is no 
marked seasonal variation in climate in southeastern Samar where the other 
outbreak of consequence occurred, though the period of maximum occurrence 
was reported to have been approaching the drj'^est stretch of wnather in ll 3 nars. 

Description of Foci: {Ecology) 

The environmental features encountered in the several foci where sources were 
definitely traceable, have not been as widely variable as in our New Guinea exper- 
ience (Kohls et al, 1945). There are, however, two that are roughly comparable. 
The Guinan area of Samar is predominated by a coconut grove canopy imderlain 

' Capt. Bennett is a member of the U. S. A. Typhus Commission on duty in the Division 
of Virus and Rickettsial Diseases at the Army Medical School, Washington, D. C. 
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Fig. 1. Foci of scrub typhus Philippine Islands 


by a dense secondary growth of scrub undoubtedly developed following enforced 
neglect during Japanese occupation. The rough vegetative cover bore strildng 
resemblance to focal areas seen at Own, Biak and Middleburg Islands, and San- 
sapor beach margins. The grassy flats and slopes of the hlindoro and Negros 
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focal areas also were reminiscent of the kunai grass fields of British New Guinea 
where localized outbreaks of scrub tj'^phus occurred. 

1, Samar. Scrub typhus in American Forces first appeared in naval units in 
the Guinan area of this island in early December 1944. The disease built up to 
proportions of a small epidemic, (see Table II) a third of which were in scattered 
Army units during Januar 3 '’ and earl 5 ’’ February, and sporadic cases have con- 
tinued to appear into July of 1945. The local strength fluctuated especially 
among Army units, but Naval personnel predominated at this base through the 
period. Localized foci were not apparent, and affected units were well scattered 
including adjacent Calicoan Island. 


TABLE W 

Disiribuiion of cases by locality and month of occurrence 


ISLAND lOCAUry 

OCT. 

; NOV* 

DEC. 

JAN. 

FEB, 

UAS. 

APR, 1 

MAV 1 

JTTNE 

JDLY! 

TOTAL 

Mindoro (San Jose) D-Day Dec. 15, 






i 

1 




j 


1944 



13 

67 

9 

2 

4 




95 

Samar (Guinan) D-Day Oct. 24, 1944.. 




32 

31 

20 

4 

4 

5 

1 

97 

Luzon 












(1) Bicol, April 29, 1945 








10 



10 

(2) Baguio, Undet ^ 







2 

3 



5 

(3) Santa Fe, Undet 








B 

2 


3 

(4) Batangas, Undet 





1 



H 



2 

(5) Scattered 




2 

3 


2 

B 



8 

Negros (Mt. Mandalagan) D-Day 












March 29, 1945 







3 

3 

1 


7 

Leyte (Leyte Valley) Oct. 20, 1945 — 



1 

2 







3 

Mindanao (75 mi. NW of Davno) April 












17, 1945 

i 









1 

1 


Total 241 


All traceable infections originated in units installed among -the universal 
coconut groves described above. The undergrowth and ragged coral outcrops 
proidded an abimdance of rat cover. Surveys by various Naval control units 
indicated the early prevalence of both rats and mites. The indigenous rats 
comprised 2 species related to those seen on other islands, viz. a small species 
of the exulans group, and numerous Rattus mindanensis. At the time of our late 
visit, both the rats and mites were reduced in numbers, onfing in part at least to 
active control measures. Tromhicula deliensis was identified from rats trapped 
in the 5th Bomber Group area, and in mounts shonm us by Lt. Mage of the 544 
C.B. rodent control unit. 

2. Leyte. The first of 3 cases in soldiers occurred 14 Dec. 1944. All 3 devel- 
oped late in the campaign during fighting in Leyte Valley. They were subse- 
quently hospitalized and the clinical diagnosis was confirmed sereologically for 
two. It was not possible to trace the sources of infection and the type of environ- 
ment remains obscure. No rat or mite surveys were made in Leyte Valley. 
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3. Mindoro. The largest outbreak among troops in the entire Philippine 
campaign occured in the San Jose district in southwestern hJindoro. Extensive 
fields of waist to shoulder-high “talahib” grass had overgro^vn neglected cane 
fields in the whole district. There appeared to be 3 localized areas of infection, 
the first of which was encountered by the 503d Parachute Infantrj^ near the 
mouth of the Bugsanga River where prone exposure among the grass was necessi- 
tated during early operations. The first case was hospitalized Christmas Day 
1944, 10 days after initial landings. Another focus appeared near Hill Airstrip 
where several cases were undoubtedly contracted among 58th Fighter personnel 
while seeking shelter in adjoining grass during numerous air raids. The third 
area of infection was at the south section of the beachhead occupied bj’’ the 19th 
and 21st Infantry Regiments of the 24th Division. 

An example of the characteristic localization of infection vithin extensive 
grass}’' areas, as previously seen in kunai flats in New Guinea, may be dravn 
from the field report to the Surgeon 8th Aimy by one of us (RRS). “The 
' greatest number of cases, i.e. 25(of 70 total at the time) occurred in the 503d 
Parachute Infantiy, 15 of these in A Company alone. Of these, 6 occurred in 
the 3rd Platoon of A Company. Questioning of these cases disclosed the inter- 
esting fact that five of the six were in the same split squad. The other half of the 
same squad m which no cases occuzTcd, and which operated separately was 
approximately 200-300 yards away at all times during the first 10 days of the 
operations on Mindoro.” (i.e., the incubation period). 

Rat and mite surveys were not instituted until 3 months after the initial cases 
when the diy season had set in maldng the dry soil conditions appear most un- 
favorable for mites judged by previous New Guinea experience. Rat burrows 
were more numerous in the loose friable soil of these previously worked cane 
fields than in any other area visited, and the rats were found to be correspond- 
ingly abundant. The burrows were dry and relatively shallow but there was a 
surprising number of mites in the ears of the trapped rats in spite of the dry 
conditions. 

The rats were of 3 lands, viz. Raitus mindanensis, R. ratlus umbriventer and R. 
vigoraius (small exulans group) (ident. USNM). Tromhicula deliensis was taken 
in moderate numbers on rats from several areas. Other mite species are listed 
later. 

Attempted “boot collections” of mites were unsuccessful, probably accentuated 
by the dry conditions and no specimens off man had been saved from attacks 
early in the operations to enable identification. Whether any vectors were in- 
volved other than T. deliensis could not be determined. 

4. Luzon. Of the 28 total cases no more than 6 were contracted in the same 
locality of this Island. The}’- have been in scattered locations from the vicinities 
of Baguio and Sante Fe in the north to Pasacao on the Bicol Peninsula in the 
south as indicated in Figure 1. The Pasacao area, where 6 cases were con- 
tracted during 5 to 17 days exposure consisted of a level sandy floor just above 
the beach with a vegetative cover of low rmdergrowth and coconut pahns re- 
sembling the Bat Island focus previously described (Philip and Holds, 1945). 

A rat and mite survey here was not attempted. 
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A case originating at Mabitae, northeasteni end of Laguna de Bay, was prob- 
ably contracted while his unit was bivouaced in a pasture of short grass at the edge 
of towTi. T. delicnsis was again found on rodents in this area, "V^Tiether the 
variability involved only this, or other related vectors too, is discussed in a later 
article. The pasture was bordered by brush beneath scattering coconut palms 
extending up onto nearby slopes, and into a creek bed on another flank. Good 
rat cover was thus available but indigenous rats were not as abundant as on 
Mindoro and Samar. 

Several cases have developed during operations in mountainous districts. 
Three cases apparently originated during bivouacs on “Hill 3000” near Asin on 
the approaches to Baguio. Most of the mountains in the vicinity are covered 
with scrub and low brush, sparse trees, and with many bare grassy knolls and 
ridges on the crests. It is manifestly impossible to trace the exact sources of 
such cases w'here patrol work during the incubation period has been so variable 
imder combat conditions. Nor has it been possible to make more than cur- 
sory surve 3 ’-s for rats and mites under these limited conditions. Mites referrable 
to the A’^ector group, akammhi-deliensis, have been taken from 2 species of rats 
of the raitiis and exidans sections of Raltus in the Lingayen and Bagabag areas 
of Northern Luzon as amplified below’. 

5. Negros. Seven cases have originated during action on the lower slopes of 
Mt. Mandalagan near Bacolod. Though patrol sections embraced both grassy 
ridges and the woody and brushy areas of the mountains, questioning of the 
patients suggested that infections w’ere acquired while the men were bivouaced 
on the upper grassy ridges near the forest mar^s. Tw’o soldiers occupying the 
same foxhole on one grassy prong were hospitalized simultaneously. The 
dominant grass here was so-called “kogan” (Imperator). 

Rats were extremely scarce in those areas, and no mites were taken during 
attempted boot collections. Only 2 rats of 29 R. railus umbrivenier trapped 
during 3 weeks of effort by Major L. D. Christenson of the 403d Malaria Survey 
Detachment, showed mite infestations of the ears. T. deliensis and T. akamushi 
represented 2 of the 3 species identified. 

6. Mindanao. The one proven case was an infantryman who had been in 
combat near Namnan about 75 miles northw’est of Davao. 

Rodents 

It was not possible in the brief visits to the various areas to institute more than 
casual trapping surveys for local rodents. Because of previous experience, em- 
phasis w’as placed on rats as the most likely “animal reservoirs” of scrub typhus. 
Help in these surveys often has been generously provided by various local Army 
imits as acknowledged later. No attempt w’as made to recover strains of in- 
fection from indigenous rats by animal injection. 

As implied above, the commonest rat encountered in various areas w’as the 
medium sized variety, Raiius mindanensis. This rat w’as abundant on Mindoro 
and Samar w’here their burrow's were readily found and numerous. This was 
in contrast to the scarcity of locatable nests and burrow's in New Guinea focal 
areas. Specimens of this form have been taken on Negros and Luzon. A 
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subspecies (^nnhrivenier) related to this has been reported among specimens 
forwarded to the U. S. National Museum from Mindoro and Negros. 

Widespread also is a small rat of the cxidans-concolor group which is more prone 
to invade communities and houses but is usuallj" less heavily infested vith mites 
as observed so far. Tins form U'as taken on Mindoro, Samar, and several places 
in Luzon. Specimens from Mindoro were identified as Railns vigorains. Luzon 
samples of related forms taken by Captain Mohr were assigned to calcis (USMN). 
Retatives of both of these groups of rats probably will be found throughout the ' 
Archipelago, but as pointed out by the taxonomists on the basis of the preliminaiy 
surveys so far,, further collecting will be required to deteimine to what e.\tent 
biologically distinct races and subspeciation has occurred in different islands and 
localities. 

The commensal rats, such as Ratltis norvcgiciis occurring in abundance in 
coastal villages and cities, have not been found infested with important species of 
mites. An uninfested norvegicits was taken in a newly established Army tent- 
age area on dirt floors 10 miles inland on Negros and completely isolated from 
any native village. This bordered an area where cases had occurred. 

A subject we were unable to investigate but which may be of importance in 
faunal studies relating to this disease concerns local birds and their mite para- 
sites, Vector species on avian hosts have been found previously, especial^ on 
ground frequenting species. 


Mites 

Accepting Womersley’s latest opinion (correspondence) of synonomy, we find 
2 species of kno'wn importance as vectors of scrub typhus in the Philippine Is- 
lands. These are Tromhicula akaimishi (sjm. T. Jietchcri) and T. dclicn&is (syn. 
T. walchi). The first has been showm by several Japanese investigators to be a 
natural vector in Japan and confinned by Blake et al (1945) as a vector in New 
Guinea. Natural infection in the second was first proved recently in the Ad- 
miralties in Bat Island mites (Philip and Kohls, 1945). 

A later publication on Trombiculidae collected in the Philippine Islands will 
embody our complete obseiwations of mites and rodents throughout the Archi- 
pelago in which paper a kej’- to the Island mites will be presented. For purposes 
of this paper we will list, only the mites collected throughout the period of combat 
operations. They are: Tromhicula akamnshi, T. doUensis, T. wichmanni, T. 
acuscvtellaris, T. hodensis, T. scmcoides, HcasUpia {Trombiculoides) gateri, 
Neoscliongastia indica, N. philippensis (1946) and A. Icohlsi (1946). T. wicli- 
manni was found attacking man in Northern Luzon. 

SUMMARY 

1. Cases of scrub typhus have occurred in troops during actions on the Islands 
of Leyte, Samar, Mindoro, Luzon, Negros and Mindanao. Japanese troops 
were reported to have encountered the disease on Mindanao. The largest epi- 
demics occurred on Mindoro and Samar; widest distribution was encountered on 
Luzon. 
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2. The clinical and' laboratorj’- findings were in agreement with preidous 
military experience with this disease. The case fatality rate was 4.5 per cent. 

3. A strain of Rickettsia orientalis was recovered in laboratoiy mice from a 
patient on Samar and has been carried for 7 passages. Cross immunity ivith 
knonm strains of scrub typhus isolated in other geographic areas has been demon- 
strated. 

4. As in previous experience, environments where infections have been con- 
tracted have varied. Focal areas have been encountered in fields of the common 
Phihppme grasses, “talahib” (Saccharum) and “kogan” (Imperator), as well 

, as neglected coconut groves vith scrub undergrondh overlying both sandy and 
corraline floors. Most infections were contracted at or just above beach levels 
but some came from mountain scrub. areas as high as 3000 feet. (Outbreaks 
appeared to be more referrable to exigencies of militaiy operations than to de- 
tectable seasonable influence.) 

5. Rats indigenous to focrl areas have been identified as Raitus mindanensis, 
R. ratius umbriventer and a small rat of the exulans group, R. vigoraius. The 
first appeared to be the most important mite host. 

6. Trombicida deliensis, a known mite vector was taken from rats of all the 
above islands except Leyte, The other proved vector, T. akamushi, was identi- 
fied from rats on Luzon and Negros. Eight other species of mite^ have been 
found on Philippine rats. 

7. Incontrovertible evidence of the presence of tsutsugamushi disease (scrub 
typhus) in the Philippine Archipelago has been forthcoming for the first time 
during military operations on several islands in 1944-45. 
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Chiggers, the larval form of certain mites, have long been recognized as a pest 
having a great nuisance value since their bites cause a violent itching and, in 
severe attacks, have caused febrile symptoms. But today, because of conditions 
arising from the present world conflict, they have become not only a pest but a 
true natural bottleneck in our wartime program. Among the armed forces of our 
country thousands of man hours of sleep have been lost with a consequent drop 
in efficiency. Many more hundreds of man hours have been idled away in 
hospital bunks because of secondary infections derived from scratching and 
infecting the bites made by these hexapod parasites. In the Southwest and 
Central Pacific, as well as other regions of the Far East, is found a group of 
chiggers of the genus Trombicula, closely related to our own common chigger, 
which is transmitting a disease, scrub-typhus, to our military forces. Thus it 
behooves us, today more than ever before, to possess a complete knowledge of 
the bionomics of these parasites. 

COLLECTING CHIGGEHS IN NATURE 

Where to collect 

In the course of the chigger study it was imperative that large numbers of these 
larval mites be collected in the field. It was first necessary to find locations 
where they could be collected in abundance. Two types of localities proved to 
be typical haunts of our common "red-bug,” Eutrombicula alfreddugesi (Oude- 
mans). They were to be found in greatest numbers under and near blackberry 
bushes. Although not quite as prevalent, they could also be found in relatively 
large numbers near the base of pine trees, particularly at the base of those that 
were in groups of three or more. The munbers collected at various other types of 
localities throughout wooded and semi-wooded areas were most meager in 
comparison. 

In attempting to explain phenomenon of nature the simplest explanation 
frequently is the correct one. Ewing (1929) states that "It would appear that in 
many localities ground-frequenting birds are of more importance as hosts than 

* The topics herein discussed represent a portion of the work conducted on chigger re- 
search between June 1, 1942 and February 28, 1943, at the School of Public Health, Uni- 
versity of North Carolina, Chapel Hill, North Carolina. This research was financed by the 
Eli Lilly Company through Dr. H. W. Brown to whom I am greatly indebted for his helpful 
suggestions. 
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either the rabbit' or box-turtle.” Therefore, it seems to me that perhaps the 
simplest explanation for the largest number of chiggers inhabiting the environs of 
blackberry bushes is to be found in the fact that ground-feeding birds and per- 
haps certain rodents, which ordinarily are distributed over relatively large areas, 
are attracted to these spots, which are relatively small in area, to feed during the 
berry season. While some of these animals are frequenting the berry patches, 
chiggers which have become engorged on their epidermal cells detach themselves 
and drop to the ground to continue development, as is their habit when they 
become fully engoi’ged. Thus, over a given period of time, the same number of 
“red-bugs” will have dropped to the ground over a small area as would have 
dropped out over a larger area had the birds not come to feed upon the berries. 
It would require only twenty-five females to produce the 10,000 chiggers which I 
collected under one group of bushes during the summer, providing they all lived, 
and each gave rise to 400 offspring. 

When to collect 

Chiggers were found in abundance, in the latitude of Chapel Hill, Orange 
County, North Carolina, from the first week in June until the last few da3’^s in 
August. Although they occur in numbers from Jime through August thej’^ no 
doubt make their first appearance before that date and most certainly can be 
found after August. Several were found at my usual collecting spot on October 
18. On October 29, after several nights of frost, none could be found, nor were 
any observed on November 16, w'hen the temperature suddenly rose to 75°F. 

These hexapod larvae were much more prevalent and much more active in the 
afternoon than in the forenoon. The best hours for collecting appeared to be 
between 1:30 and 4:30 P.M. They seemed to be nearly as numerous after a 
rain as on a bright sunny day. 


How to collect 

Several standard methods of collecting the chiggers were attempted. How- 
ever, it soon became apparent that a new method would have to be devised if the 
larval mites were to be collected by the hundreds. The most satisfactor}’-, from 
the standpoint of time and numbers obtained, of several new methods which 
were tried out, was what I will term the “white dish” method. This method was 
modified from one used by w'^orkers at Duke University a year or two before 
(unpublished) . It consisted of placing a nmnber of white saucers, usually from 
five to eight, w'here the chiggers were found in greatest nmnbers, i.e. under or 
near the blackberry bushes. These saucers were placed several feet apart. 
Upon examining a saucer after a minute’s exposure to the grass upon w'hich it 
rested, several minute red species could clearly be seen moving about rapidly over 
the white background. These chiggers were “sucked” into an aspiratoi, con- 
structed from a glass vial or test tube, a two-hole stopper, tw'o small pieces of 
glass tubing, and two short sections of rubber tubing. Thus it was possible to 
collect them rapidly and bring them back to the laboratory alive. Usually more 
wuuld be found on one saucer than upon the others indicating a greater density of 
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cliiggei-s in that area. All the saucers were then placed adjacent to the one hav- 
ing a high count. The chiggers were collected from one saucer, after which it was 
placed in its original location and a second saucer examined, etc. the time all 
the saucera had been examined once, the one upon which the initial examination 
had been made would have more “red-bugs” scampering about over its surfaces. 
Several hundred would frequently be found in a small area of about eighteen 
inches square, while six inches awa3’' onhv three or four, if an3q could be collected. 
This would seem to indicate that the larval mites do not migrate far from the 
original location of the egg mass. 

There were indications that large wliite enameled pans would be even more 
satisfactoiy than the white saucere. However, these ivere not used until the 
chigger season was decidedli' on the wane and it would therefore be difficult to 
justl3' compare the two utensils as to effectiveness at this time. 

Judging from the literature and from convereations I hai'e held with individ- 
uals who have done considerable chigger collecting it seems that the “white 
dish” method is the most satisfactoiy knomi at the present time for collecting 
large numbem of chiggers in a short interval. B3’- the use of this method I have 
collected 105 larval mites in four minutes and 45 seconds. To be sure, this was 
an exception, but under favorable conditions the average rate of collecting, dur- 
ing the chigger season, approached 550 an hour. As man3^ as 47 chiggers were 
found on one saucer after one minute’s exposure.- About 10,000 were collected 
during the summer from one area of approximateB”^ fort3'’ square feet, under one 
group of blackberiy bushes. 

OBSERVATIONS ON THE BIONOJVHCS OF THE CHIGGER 
The food of (he chigger 

Although it has long been knowm that cliiggers do not burrow into the flesh, 
but attach themselves to theh host in a manner similar to ticks, this biological 
fact has for some reason not been appreciated even toda3'' b3'' many trained biol- 
ogists. There appears to be even less comprehension of the true nature of the 
food of the chigger. It long has been, and still is, taken for granted b3’’ all too 
many that cliiggers feed on the blood of the host which they attack. Hoivever, 
evidence to the contrar3^ began to appear as earB-- as 1871 when Gudden found a 
tube, which he thought to be a structure of the mite, extending .3 mm. into the 
skin from the point of attachment of the mites. In 1876 Fldgel studied spiders 
parasitized b5^ larval mites and obseiwed rather long hollow tubes e.xtending into 
the e.xoskeleton where the cliiggers were attached. Jourdain (1896, 1899) 
found similar structures on certain Hemiptera and Neiu'optei'a as well as on 
field mice. Later workers found changes in the chitin of grasshoppers, D3’’tiscus 
beetles and mosquitoes caused b3’' the attacks of “red-bugs” and realized that 
these tubular structures were not part of the mite but rather the effect of the bite 

"Ten-inch white plates were used while collecting chiggers in Florida during the sum- 
mer of 1945. It was not unusual to collect 150 or more from one plate after one minute’s 
contact with the ground. Two thousand mites were collected in two hours. 
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upon (he hosl. Talicc (1929) points on! (hat, the food of larval mites parasitiz- 
ing animals is ])robal)Iy not, Idood. In the same year Vitzthum wrote, . . tliey 
live on body juiecs (4’ the host without ingesting blood.” Fuss and Hauser (1933) 
found that the food of ehiggers eonsists of i)artieles of tissues which have been 
extraorally digested l^y the secretions of the mites and then di'avm up into their 
gut. It is i)Ossiblc that blood may be ingested by the chigger but this is not true 
in most instances and jirobably never docs it serve as the chief source of food. 
A good discussion of the history of this subject is given bj" Feng and Iloeppli 
(1933). 

A studjf by various workers with histological preparations of bites have shown 
the formation of a tube-like stmeture extending more or less deeply into the skin 
from the mouthjiarts of the mite larvae. This tube in mammals, including man, 



Fig. 1. Histological Preparation of a Chigger Bite in a Rabbit Ear 

Section of a bite showing the tube lined with stratum gerininativum cells and containing 
partially digested exudate of tissue fluids and cells. 

has been found to be comparatively short, vdthout branches and lined by a 
distinct layer of cells. In parasitized mosquitoes this tube is fairly long and 
without branches, but in spiders, Hemiptera and Neuroptera there are rami- 
fications. Although it is possible that the species of mite may influence the 
reactions on the part of the host it appears from a comparison that the histo- 
pathological changes depend primarily on the kind of host. 

The histological preparations of chigger bites on rabbit ears shoiv (Fig. 1) 
that the epidermis is completely penetrated. A tube lined with stratum ger- 
minativum cells is formed ivhich extends to the derma and subcutis. This tube 
appears to represent a reaction of the host to the secretion of the parasite and its 
inner layer of cells are necrotic and give evidence of digestion. There is a 
noticeable degree of round cell infiltration in the area of the tube-like structure. 
After removal of the chigger the tube contains a partially digested exudate of 
tissue fluids and cells. The chief source of food would appear to be derived from 
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an infiltration of cells and fluid -which are “sucked” through the inner end of the 
tube formed by the protective wall of stratum germinativum (Fig. 2). The 
protective wall grows and eventually closes off the opening at the inner end of the 



Fig. 2. Histological Preparation of a Chigger Bite in a Rabbit Ear 
An infiltration of cells and fluid being “sucked” through the inner end of the tube. 


N 



Fig. 3. Histological Preparation of a Chigger Bite in a Rabbit Ear 
The protective wall closes off the opening at the inner end of the tube which it forms and 
when dried the homogeneous zone may drop or be pulled out as a whole. 

tube which it forms (Fig. 3). As the liquefied center or homogeneous zone dries 
and contracts it maj’^ drop or be pulled out as a whole from the bite (Fig. 3). 

Overwintering larvae 

It is geneially believed by biologists that the adult fomi is the only over- 
wintermg stage. This is an erroneous assumption. Japanese workers have 
observed voles throughout the j'ear cariying the larvae of Tromhicnla akamnsln 
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in their car lobes. Gladys Keay (1937) found T. aidiinmalis in the ears of 
rabbits and bank voles during the whiter months in England. On December 10 
I examined a wild rabbit which had been killed the day before. Three chiggers 
were found attached to the eyelids and many were found deep in the ears nearly to 
the membrane. The inner tissue of the ears in the locality of the “red-bugs” 
was so soft, loose, and fleshy that the chiggers could easily dislodge themselves in 
a few seconds and could readily be jiicked out with forcejis when attached. All 
of the larvae were fully engorged, some attached, others unattached and wan- 
dering about. It may be possible that the soft condition of the flesh was caused 
by the secretions of the mites which continued to act upon the cells after the 
larvae had become detached. It would seem that a dozen or so of these par- 
asites could cause this condition over a period of weeks when they feed first in 
one place then in another. Periodic feeding seemed to be evidenced by chiggers 
wandering about unattached and the presence of numerous piles of white e.v- 
crement, which far outnumbered the chiggers, throughout the region where the 
mite larvae were found. 

On January 16, the head of a rabbit which had been killed on the fourteenth 
was examined, d'his head had been kciit in a refrigerator ])rior to examination. 
One living chigger was found in each of the cars and four others, which proved to 
be dead upon microscopic examination, were comi)letely embedded in the jelly- 
like flesh. It maj’' quite jiossibl^’- be that these four burrowed into the soft 
flesh when put into the refrigerator, in an attsm])t to escape from the excessive 
cold. The quantity of jelly-like tissue and the numerous piles of excrement 
would seem to indicate that there had been many more present in the not-too- 
distant past. The absence of sufficient heat may have caused them to migrate in 
a vain attemjit to locate warmer surroundings. 

The heads of two squirrels, which had been killed at the same time as the last 
mentioned rabbit and which had received the same treatment, were also ex- 
amined. One alb'e chigger was found in each of the four cars, but again there 
was evidence that many others had been there recently. There were several 
mammalations or papule-like structures on the soft, flesh}'- tissue. When 
pressure was applied to these papules, causing them to erupt, strands of a irhite 
material would burst forth. These strands may well have been degenerate cells 
left in the homogeneous zone formed by the feeding of the chiggers. 

Three Mild mice -were examined, one on Januaiy IS and two on January 19. 
No chiggers -were found and there Avas no evidence that any had been in the ears 
recently. More mice should be examined although it ma}' be possible that the 
chigger is more specific in its selection of vinter hosts than of summer hosts. 


Evidence of a negaHve geotropism 

Very frequently the larval mites -would be seen running along the edge of a 
collecting saucer. Vdien they M'ere in this location it u'as rather difficult to 
collect them Mith the aspirator. Hou^ever, when the saucer was held in a 
vertical position -with a chigger at the lowest point, the hexapod larva would 
immediately turn and scamper upwards towards the center of the dish thus 
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making its capture easier. Further evidence of this negative geotropism was 
displayed when the collecting aspirator was held upside down. The “red-bugs” 
which had congregated between the rubber stopper and the glass wall of the 
vial could be seen going en masse up the sides of the container. After this had 
been done several times in succession, however, the laiwal mites no longer 
followed any definite path but wandered about both up and domi as if this 
tropism had been decidedlj'^ reduced or lost entirel 3 ^ 

Rapidity of vwvement 

Veiy few people have any conception of the rapidity with which these little 
pests can get about. At a temperature of 30.3°C. these larval mites can run, on 
the average, a distance of slightl}’' better than one foot per minute. This does 
not seem so stiiking until careful thought is gh'^en to the size of the creatures 
under consideration. If man could nin as fast for his size as the lowly chigger 
how fast cculd he lun? Bj’’ means of a series of expeiiments the ansrver to this 
question was detei mined. A man would have to inn with an average speed of 
slightl}' better than 173 miles per hour for four consecutive hours before falling 
from exhaustion. This seems almost incredible and jmt there are among nature’s 
creatures othei-s that are far faster for their size than our common chigger. 

' Predators of chiggos 

Several adult mites belonging to two genera of the family known as “snout 
mites” or Bdellidae were collected along with the chiggers from the rdcinity of 
blackbeiTj' bushes. Since this family of mites is noted for its predaceous habits 
of feeding on most any small creature it can find, it was suspected that the chigger 
was no exception, hlembers of the genera Bdella and Cxmaxa, both of which are 
well adapted for capturing prey, were collected in the same aspirator with some 
chiggers. The former was seen to feed in a most frenzied and interesting manner 
upon a dozen or more of the Eutromhicida larvae. The “snout mites” are quick 
in motion and move backwards as well, and as easil}^ as forwards. Although 
Banks (1915) implies that these mites do not hold their prey with their long 
palpi it looked as if they made a good attempt at doing so. If a chigger happened 
to brush against any portion of the Bdella the “snout mite” would whirl and 
grasp the cliigger with palpi and forelegs and Artth rapid hammer-like strokes 
pierce it three or four times with its long beak-like snout. After treating some 
four or five “red-bugs” in this manner it would return to the kicking prostrate 
forms of the clriggers and more lesiurely suck the juices from ’irtthin their bodies, 
leaving nothing but the shriveled exoskeleton. 

SUMMARY 

1. A new and rapid method of collecting chiggers in nature is described. 

2. Rarely do chiggers fed on blood and never is it their chief source of food. 
An extraoral digestion of epidermal cells is practiced bj' this parasite. 

3. Chiggers overwinter in the larval stage deep in the ears and on the ejnlids 
of rabbits, squirrels, and possibly other animals. 
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•]. “Reel-bugs" arc negatively gcolropic and possess amazing speed for their 
size. 

5. Chiggers arc frequently jircycd upon by members of the mite family 
Bdellidae. 
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A METHOD OF REARING CHIGGER I^IITES (ACARINA, 
TROMBICULIXAE)! 

CHARLES D. MICHENER'- 

Although chiggei-s are sevei-e pests in many regions of the world and are im- 
portant vectors of disease in a large ai-ea of the Far East, satisfactory rearing 
methods for these mites have not been found. Rearing is peculiarly important 
for disease transmission studies with chiggei-s, since an individual mite feeds on a 
vertebrate host but once during its entiiv life and in but one stage, the larva. 
The disease organisms must, thei-efoi-e, pass from the larva of one generation 
through all successive stages, including the egg, to the larva of the next gener- 
ation. "While thcie has not yet been achieved the goal of carrying through the 
cycle from larva to laiva without serious mortality, the method described below 
may .‘^erve as a basis for the development of a satisfactory technique. In its 
present form, ho\\evcr, the method has been of great value in studying all stages 
of the life cycle and in obtaining the taxonomically imi)ortant jiymjjhs and adults 
from larval chiggers. 

The studies upon which this paper is based were carried on with a common 
species which infests man in Panama, Eutromhicula batatas (Linnaeus).-'’ 

EAudence now being accumulated indicates that certain othei- species, for 
examjile, Tromhkala vclascoi Bo.diell and Kerr, may be reared in the same 
manner. 

Since domestic chickens are an important and convenient host of E. batatas, 
they haA-e been used as hosts for the chigger larvae in most of these studies. 
Fully engorged larvae can be obtained in large mimbcis and in good condition by 
placing a naturally infested chicken in a cage, the bottom of Avhich is made of 
coarse (one-half inch) A\-ire mesh. The cage is provided Avith short legs and is 
placed in a large tray filled with Avater (Fig. 2). As the engorged larvae fall from 
the chicken they pass through the A\-irc me.di and land on the Avatei-, floating 
helples.sly on the surface. It is desirable to haA-e the A\atci- at least one inch 
deep so that the feces of the chicken A\ill sink below the surface. The AA-ater in 
the tray is changed after each collection of the chigger larA^ae. Food and AA'ater 
for the chicken are provided in A'eiy small containers in order to interrupt the 
fall of as few mites as possible, and rice or Avhite bread is used as food so that 
scattered particles floating on the Avater Avill not seriou.sly interfere Arfth finding 
the red larA'al chiggere. 

'The work described in this paper was done under a contract recommended by the Com- 
mittee on iMedical Research between the Office of Scientific Research and Development 
and the Gorgas IMemorial Laboratory, Panama City, R de P. 

The author is much indebted to Dr. Herbert C. Clark, Director of the Gorgas Memorial 
Laboratory, for e.xcellent facilities provided for this work, and to Major Marshall Hertig, 
Sn.C., and Captain G. B. Fairchild, Sn.C., for assistance and helpful suggestions. 

= Captain, Sn.C., A.U.S. 

“The use of this name is discussed in a forthcoming paper. It is the same species which 
has sometimes been called Acariscus hominis (Ewing). 

251 



2r)2 


rir.\i{i.i;s d. MH'm:Ni;ii 


'I'wicc :i <lay until (ho chiokon is froo of cliinnors (a work to 10 clays) (ho en- 
fiorfiod larvao avo oollootod from (ho water surfaoo onto small scjuaros of paper. 
'I'lu' c-oriH'r of a i)ioeo of ])apor is dipped icito (ho water bc'sklo a floating chigger 


i • 



I'ui. 1 Plaster of Pari.s et'll covered wiili inieroscope .slide, for m.'ikiiij: ob.<erva(ions on 
cut's and otiicr .statci’.s of eldtaiers. (Plicito}'ra()lis, courtesy of f. S. .\riny Sitcnai Corjts.) 



Fio. 2, Animal naturally infested with chigucrs in cage standing in tray of water. En- 
gorged larvae fall to water where tlioy float and may he removed bj' means of squares ot 
newspapers. 


and on being withdratc’n from the water tlie surface tension causes the chigger to 
stick to the paper. Newspaper has the proper absorptive qualities for this 
purpose. As the squares of paper dry the mites are released and walk about. 
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The moist, squares of paper \nth the mites on them are placed in half-pint 
fruit jars lined on the bottom and sides nith a laj'er of plaster of Paris one- 
eighth to one-fourth inch in thickness {Fig. 3). Such jars are piepared by poui- 
ing into them a rather A'iscous mixture of plaster of Paris and water and then 
turning and tilting the jars slowl}' until the sides and bottom are coveied with a 
lawyer of uniform thickness. Continued turning is sometimes necessary until the 
plaster solidifies. This layer of plaster of Paiis is of great importance, as it 
absoips water which would otherwise condense on the glass. In unlined jais 
most of the engorged laiA'ae become stuck in such water and die without trans- 



Fig. 3. Fmit jar inner coating of plaster of Paris, for learing engoiged larvae to 
nymphal stage. 

forming. Since engorged larvae appear to seek darkness, no difficult 3 ’' is en- 
countered with larvae crawlmg onto the unlined glass jar lids. The use of 
oi)aque metal lids is objectionable, however, as the larvae coramonlj’ crawl onto 
the lids. In ordei- to maintain a high huraiditt'', a fett' drops of water are placed 
in these jars whenever the paper or plastei’ appeals dr.v. 

It is frequentl}’ important to obtain engorged larvae for rearing from tvild 
animals or birds whicli cannot practicablj' be caged over a pan of water. This 
may be done bt" p]acing the dead bodt' of an infested animal in a paper sack wliich 
is sealed with paste. After 24 hours the sack is opened and the chiggers which 
have left the animal are shaken into a plaster-lined jar. Others are removed bj' 
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clipping pieces of skin to Avhich they are attached from the body of the host and 
placing these pieces m the jar. The latter method alone is frequently satis- 
factory. Of course only the fully engorged larvae survive. 

Within a week or 10 days engorged larvae transform to nymphs in the plaster 
lined jars with very little mortality. (Longer periods are required for some 
species.) When all have transformed the njmphs are shaken out of the jars 
lined with plaster of Paris into prepared rearing jars. The most successful 
rearing jar so far used is a pint fruit jar with the bottom broken out and re- 
placed by a plug of plaster of Paris about three-fourths of an inch thick (Fig. 4). 



Fig. 4. Rearing jar made replacing bottom of fruit jar with plaster of Paris. 
Nymphal and adult chiggers live in mixture of soil and chicken manure. 

A container made bj’' plugging one end of a lamp chimnej’- nith plaster of Paris is 
equalty satisfactory except that the top is more difficult to seal. In the jar is 
placed a mixture of about 5 parts moist, sterilized soil to 1 of chicken manure, as 
suggested by Melvm.'^ This mixture is then tamped down gently to form a 
layer about 1| inches thick and the jar is ready for the njmphal chiggers. Vari- 
ous procedures, such as addition of growing green plants, small soil insects, 
sterilization to reduce mould and bacterial growth, etc., have had little effect 
on the groAvth or mortality of the njnnphs. 

■•Melvin, Roj^ Note on the culturing of chiggers. (In press.) 
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Best results are obtained when the top of the jar is left open. Nymphs and 
adults stay on or in the moist soil and do not climb out of the jars if they are 
open (and therefore relativelj' diy above the soil level). Water is aded daily. 
Any e.xcess passes through the plaster plug in the bottom of the jar into a petri 
dish in which the jar stands. Since there is a gradient in the soil from relatively 
diy above to very moist below, the mites are able to take up positions of favorable 
humidity. 

Transformation to adults takes place in the soil three or more weeks after the 
nsmiphs are placed in the rearing jars. 

Similar rearing jars are used for wild-caught nymphs and adults. When eggs 
are desired for study it is advisable to tamp the soil veiy firmly so that the adults 
cannot get beneath the surface. Then the eggs will be found on the surface. If 
only larvae are deshed this is unimportant, since they will crawl up out of the 
soil upon hatching. Bdien larvae are e.xpected to appear in a jar the lid is 
clamped on with a rubber seal so they cannot excape. The petri dishes in which 
the jars stand are placed on squares of paper saturated with dimethylphthalate 
in order to kill any larvae which escape when the lids are removed for addition of 
water, removal of laivae, etc, 

Laivae to be placed on a host animal are remolded from the rearing jar by 
picking them up on small pieces of wet newspaper. The paper is then either 
fastened to a feather on the imder surface of the wing of a young'chicken in such 
position that the larvae will crawl off onto bare skin (surrounding feathera 
plucked if necessaiy) or the paper with its mites is placed in a veiy shallow, wide, 
shell vial, the open end of which is pres.sed closely to the skin of the host and 
held in position with adhesive tape. In either case as the pieces of paper diy the 
mites are released from tlie water film, and after wandering about, attach them- 
selves to the host. Since unengorged larvae can walk on the suface of water 
and are not easilj^ held by a water film, the entire operation must be performed 
rapidly. If the mites are released on the dense feathers of well-grown chickens 
a high proportion drop off ulthout working through the feathers to the sldn. 

After engorgement mites are retrieved from the host in the same manner as 
described above for obtaining engorged larvae from naturally infested chickens. 
Some drop within 2 days after attachment, while others remain attached for as 
much as 10 days. 

A small plaster of Paris cell covered with a microscope slide (held m place with 
a rubber band) is convenient for making special obseivations, for example, on 
eggs and later quiescent stages (Fig. 1). Such cells hai'-e the advantage that 
water can be added from the outside through the plaster without disturbing the 
contents. Nj'mphs and adults, however, do not appear to survive for more than 
a week or two in constant contact inth jilaster of Paris. 

Using the methods here described, ulld-caught females have been induced to 
lay eggs and from these eggs a fir'st generation of adults has been reared. How- 
ever, the moi'tality has been high, especially in the nymphal stage, and of the 
larvae hatched only aborrt 10 percent finalby yielded adults. Engoi-ged wild- 
caught larvae fr om chickens have been rear-ed through to adults but here again 
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the mortality is about 90 percent, mostly in the nympbal stage. Adults reared 
from wild-caught engorged larvae have in a few cases laid fertile eggs which 
yielded larvae, but it was not possible to rear these few larvae to adults. It is 
possible that the difficulty encountered in securing eggs from laboratory reared 
adults ma.y be due to the disinclination of adults to mate in captivity. 





DR. CHARLES MORLEY WENYON 

1945 Recipient op the Theobald Smith Gold Medal of the George Washington 
University, Awarded by the American Academy of Tropical Medicine 


EEMARBS MADE BY THE AMERICAN AMBASSADOR ON 
PRESENTING THE THEOBALD SMITH GOLD MEDAL 
To DR. CHARLES MORLEY WNYON 

At a Meeting op the Rotal Society op Tropical Medicine and 
Hygiene at Mansion House, Portland Place, London 
On January 17th, 1946 

I am happy to come here this evening at the request of the officers of the Ameri- 
can Academy of Tropical Medicine to assist in doing honor to your distinguished 
president. Dr. Charles Morley Wenyon. 

Todaj’^ we believe that the men of all nations must work together for the com- 
mon good. Our governments and our peoples are gi%’ing deep thought and earn- 
est effort to establishing channels of communication through which men maj'^ 
learn to understand other cultures and so find the common denominators of 
purpose. They are endeavouring .to set up machinerj’^ through which economic, 
political and social cooperation may be established. We have faith in the ulti- 
mate success of these efforts, though ther wa}'^ is difficult. We find new 
encouragement when we turn to the world of science where cooperation has long 
been a living fact and great men work selflessly in the pursuit of truth for the 
benefit of mankind. During this war British and American scientists have 
worked together more closely than ever before; joint efforts have given to the 
world the benefits of penicillin, DDT and radar. 

I wish to speak of Dr. Wenyon not only as an eminent man of science, an au- 
thority on tropical disease, but also as a world citizen. During this global war, 
soldier and lajunan have become increasingly aware of his contribution in life- 
sa\dng. Even greater than the hazards of high e.xplosives were the dangers of 
disease in desert and jungle. Yet the casualties from these causes have been 
lower than we dared to hope. We are beginning to understand something 
of what the advances in knowledge of tropical disease mean to millions of 
people Ihdng in infected areas. Dr. Wenyon has played a great part m this 
through his own investigations of protozoan diseases and of malaria and by the 
leadership and guidance which he has given to others in this field. 

Dr. Wenyon on behalf of the American Academy of Tropical Medicine, I pre- 
sent to you the Theobald Smith Gold Medal. As a student you so distinguished 
yourself at the University of Leeds, Guy’s Hospital and the Pasteur Institute 
that you were called by that great pioneer in tropical medicine. Sir Patrick Man- 
son, to be the first protozoologist at the London School of Hs'giene and Tropical 
Medicine. You later became Director of the Bureau of Scientific Research of 
the Wellcome Research Institution and then Director in Chief of that Institution. 
You now carry on as an honoured consultant and leader. Your laboratory has 
been in many lands: the Sudan, Malta, Mesopotamia and Greece. As one sur- 
veys your career one feels a strong element of the romance of exploration as well 
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as of tireless labour. Your nauie and Avork are knoAvn not only to those who are 
privileged to call you friend, but also to countless numbers you have benefited. 

I understand that j’-ou are already an honoraiy member of the American Acad- 
emy of Tropical Medicine. You now become the first man outside America 
to receive the Theobald Smith Gold Medal. Your American colleagues take 
great satisfaction in this award. They only regret that it has hot been possible 
for you to Ausit them personally to recehm it. 

I take great pleasure in reading the citation and in handing to you a medal 
AA'hich is a symbol of the esteem in Avdiich you are held by the scientists of the 
Avorld. 


THE CITATION 

On behalf of the American Academy of Tropical Medicine this Theobald Smith 
Gold hledal is conferred on 

CHARLES MORLEY ^VENYON 

Pioneer in tropical medicine, he has brought light when there AA'as darkness; not 
hesitating to expeiiment on himself he has obtained direct answers to many im- 
portant questions in disease transmission and through his discoveries he has made 
the Avorld a better place to liA’-e in for all peoples AAithout regard to race, creed, 
color or economic status; he is one of those leaders who are to the everlasting 
credit of the British^Empiro. 

Dr. E. M. W cnyon’s Reply: 

Your Excellency: 

I must thanlv you for the very kind Avords you have spoken, and would ask you 
to convey to the President and Council of the American Academy of Tropical 
hledicine my appreciation of the great honour ihey have done me in aAvarding 
me the Theobald Smith Gold Medal AAdth which, on their behalf, you have just 
noAv so graciously presented me. 

I am all the more gratified by the aAvard when I reflect that Theobald Smith 
made one of the most important discoAmries in protozoology — ^the only field of 
science in Avhich perhaps I can lay any claim to distinction. 

It was over half a century ago, in 1889 in fact, that Theobald Smith described 
a protozoan organism, noAV known as Babesia bigemina, which he had discoA’^ered 
in the blood of cattle suffering from Texas fever, or red water fever, as it is more 
generally termed. This, in those days, Avas a remarkable enough observation 
but, not content to rest on his laurels, he set to work Avith Kilborne on a long 
series of laborious investigations into the method of spread of the infection, then 
an unsolved problem which appeared to be connected in some AAmy Avith the soil. 
These were crowned with success, for four years after the announcement of the 
discovery of the organism he had proved not only that it was transmitted by the 
cattle tick Boophilns annulaivs but that it passed from one generation of tick to 
the next through the egg. This is necessarily so, for the tick is a one host tick 
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which, having gained a footing on an animal in the larval stage, remains on the 
skin for the rest of its life, feeding on blood till the fertilized female finally falls 
off to lay her eggs on the ground before dying. In due course larvae hatching 
from the eggs crawl up blades of grass and quickly infest any cattle which come 
into contact vith them. If the host from which the female tick dropped in the 
first place harboured the parasite in its blood, then the female tick itself was in- 
fected and passed the infection by way of its eggs to all the larval ticks which 
hatched from them. Such infected larvae never failed to infect any susceptible 
cattle from which they took their first feed of blood. AU this and much more was 
described in detail by Theobald Smith and Eulborne in the first Bulletin issued in 
1893 by the U. S. Department of Agriculture, a publication which is a classic and 
a model of what such a report should be. It is one which should be read by eveiy- 
one seriously interested in the arthropod transmission of disease. 

This indeed was a stupendous discovery, the first demonstration that a blood- 
sucking arthropod could transmit an infection by its bite. It was the fore-runner 
of a series of similar discoveries made by workers in our two countries in which 
blood-sucking arthropods were incriminated as vectors of a number of diseases — 
malaria and yellow fever by mosquitoes, sleeping sickness by tse-tse flies, plague 
by fleas, and various forms of typhus and relapsing fever by lice and ticks — ^to 
mention only a few. 

When the American Academy of Tropical Medicine was founded in 1934 it 
was most appropriate that Theobald Smith should be elected its first President, 
in recognition of his epoch-making discovery in Protozoology’’ — a subject which 
is of such great importance in Tropical Medicine. The Council of the Academy 
then paid me the great compliment of electing me one of its first three Honorary 
Members. 

Theobald Smith died a few months after his election as President, and the Gold 
Medal mth which you. Sir, have this evening presented me was founded in his 
honour. This is the fifth award of the medal, the pre%’ious recipients being Bar- 
ber, Strong, Stitt and Craig — names which are too well known tlu-oughout the 
world in the field of Tropical Medicine to need any comments from me. They 
are all Americans, and I may perhaps be excused if I take some pride in the fact 
that I am the first representative of another nation, albeit a very closely related 
one, to receive this high award. I accept the medal at your hands, Sir, in all 
humility, realizing that the honour is not for me alone but is a recognition by the 
American Academy of the important part Great Britain and its Empire have 
played in the development of tropical medicine. 

During the war our two nations have been thrown very” close together in many 
tropical centres of activity\ In the field we have been jointly occupied in the 
solution of many tropical medical problems, while knowledge acquired by in- 
vestigations carried on in our respective countries has been fully shared to our 
mutual advantage. How that the war is over it is to bo hoped that this close 
association will be continued and that the many new contacts and rclationsliips 
which the war has brought about will not bo broken. It appears to me that this 
award b\' the American Academy of Tropical Medicine sets a seal to the continu- 
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ance of this mutual respect and understanding which have long existed between 
investigators in our two countries in the field of tropical medicine. 

I must again thank you, Sir, not only for honouring our Society by coming here 
this evening but also for giving me the very great satisfaction of recei^^ng at your 
hands the Theobald Smith Gold Medal of the Academy of Tropical Medicine 
of the great country which you represent — a country which has made and is still 
making such valuable contributions to knowledge in tliis branch of medicine. 
Your country and mine have very great responsibilities, for the health and well- 
being of the millions who are destined to pass their lives in tropical lands, where 
they are beset by many and often mysterious dangers, depend to a large extent 
on our knowledge of the diseases of these areas and, above all, on the successful 
application of this knowledge by the men and women we train to put it into 
practice. In tliis respect our purpose is one, which may very suitably be ex- 
pressed by the motto of this Society — ^the Royal Society of Tropical Medicine 
and Hygiene — Zonae iorridae ivtamen. 


ISOLATION OF YELLOW FEVER VIRUS FROM AFRICAN 

MOSQUITOES 

K. C. SMITHBUHN and A. J. HADDOW^ 

From ihe Yellow Fever Research Institute, Entebbe, Uganda^ 

When the Yellow Fever Research Institute was opened at Entebbe late in 
1936, general epidemiological investigations were undertaken to ascertain the 
scope and intensity of activity of the yellow fever \diais in East Africa, particu- 
larly in the southern Sudan and Uganda. Immunity sur^'^eys reported by Saw- 
yer and Whitman (1) had already shown that yellow fever had occurred there, so 
that our earliest studies were directed toward extension of their findings and the 
search for suitable localities for intensified epidemiological investigations. When, 
in 1937, Dr. J. C. St. G. Earl, then Senior Medical Officer in the Western Province 
of Uganda, collected a series of blood specimens from African adults in Bwamba 
County and a high incidence of immunity was found among them (2), this area 
was decided upon for more intensive studies. Investigations have been con- 
tinued in Bwamba since that time, with short interruptions necessitated by the 
war. 

Bwamba is a small county, covering an area of about 140 square miles, be- 
tween the Ruwenzori Mountains and the Semliki River, in the extreme west of 
Uganda. About 80 square miles of the county is covered with uninhabited dense 
primeval rain forest, but the remainder is fairly intensively cultivated and sup- 
ports a population of over 30,000 persons. The topography and vegetation have 
been described in detail elsewhere (3). 

Before proceeding further it should be mentioned that in Bwamba the be- 
havior of the classical vector of human yellow fever, (Aedes (Skgomyia) aegypii 
L.), is of an unusual nature (3). It occurs in certain uninhabited forest areas, 
where the larvae may be taken in fair numbers in tree holes but adults can only 
occasionally be taken biting man. A. aegypti is not abundant in any part of 
Bwamba, and it is definitely scarce in the inhabited areas and in huts. All the 
evidence at present available indicates that it probably has no important rela- 
tionship to the local epidemiology of yeUow^ fever. 

An outbreak of yellow fever occurred in Bwamba County in 1941 (4), during 
the course of which yellow fever virus was isolated from the blood of a sick Afri- 
can and from two lots of Aedes (Stegomyid) simpsoni Theobald. Mass immum- 
zation of the human population was carried out at that time TOth excellent re- 
sults (5), so that it was not to be expected that yellow fever could recur there in 
epidemic foim in the near future. Comprehensive immunity surveys (2, 6) 
however, had already shown that by far the highest incidence of immunity in 
humans occurred in the areas adjoining the edge of the main forest, which is 

* Staff members of the International Health Division, Rockefeller Foundation. 

- This Institute is supported jointly by the Medical Department of the Uganda Protec- 
torate and the International Health Division of The Rockefeller Foundation. 
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known as the Semliki Forest and which itself is entirely uninhabited. Ironmnity 
in children was almost restricted to these areas. Further, subsequent surveys of 
immunity among forest monkeys (7) revealed a high percentage of immunes, all 
the known lowland species being involved. The immunity rate among the first 
150 monkeys obtained in Bwamba was 61 per cent. 

As early as 1942, entomological investigations directed toward the further 
study of .4. simpsoni as a vector and the discover^’’ of other possible insect vectors 
were centred in the areas along the edges of the Semliki Forest, still in rather 
close pro ximi ty to hmnan habitations. As will be shown, yellow fever virus was 
isolated from A. simpsoni caught in a forest-edge locality in June 1942, 11 months 
after the human population had been immunized, indicating strongly the ex- 
istence of an extrahuman cycle of activity. It seemed most likely that this cycle 
must involve the animals of the Semliki Forest and that, as A. simpsoni enters 
only the extreme edges of this forest, some other insect vector must be involved. 
Consequently, attempts to recover virus from insect vectors were thereafter con- 
fined to mosquitoes collected in uninhabited areas of the primeval forest. Yellow 
fever virus was isolated from a mixed lot of Aedes spp. (including neither A. 
aegypti nor A. simpsoni) collected in uninhabited rain forest in April 1944. This 
was the first time that the ^drus was ever isolated from forest mosquitoes in Af- 
rica, and it gave the final proof of the existence of the disease independent of the 
human host on that continent.^ 


METHODS 


Mosquito catches .- — ^In the case of the earlier catches, large numbers of humans 
who remained stationary were used as bait, a few trained catchers picking off the 
mosquitoes as they arrived to bite. Later, particularly when working in the 
more remote forest areas, it was found more convenient to use a squad of about 
20 experienced catchers, who moved singly through the forest, collecting the 
mosquitoes which alighted to bite them. In this way a large forest area could be 
covered rapidlj’’, the squad of 20 obtaining as many as 400 mosquitoes per hour, 
hlosquitoes seen resting on tree trunks and in the undergrowth were also collected 
but were kept separate from those which had been taken biting. Catches of over 
1,000 mosquitoes per daj”- have been quite common, and on several occasions 
over 2,000 have been taken in a single day. 

All mosquitoes were caught singly in short test tubes, which were then lightly 
plugged with cotton. At the field laboratory the specimens were sorted and 
identified vdthout remoAdng them from the tubes. After classification, they 
were released in Barraud cages and were fed on banana and water until such time 
as they were sent to the Institute at Entebbe for inoculation into laboratorj' 


» We herein avoid the use of the term “jungle yellow fever” because that term is defined 
(8, 9) as “yellow fever in the absence of Aedcs aegypti.” This insect is not absent in the 
area where our studies were made, and this strict definition therefore docs not cover the 
local situation. However, as already stated, we do not believe that Acdcs aegypti plays 
any important r61e in the epidemiology of yellow fever in Bwamba, so that the extrahuman 
cycle to which we refer is, in many if not all respects, comparable to the jungle yellow 
fever of South America. 
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animals. These methods, which reduce the handling of the insects to a mini- 
mum, have been described more full}’- in a separate communication (10). As a 
rule the catches were made in series of five, on consecutive days. 

On account of the extremely prolific and varied nature of the Bwamba mos- 
quito fauna, it was not possible to inoculate each species separately. In most 
cases a generic grouping was used, though quite frequently particularly abundant 
or suspect species were isolated for separate inoculation. 

For transportation over the 275-mile journey by road to the laboratory, the 
Barraud cages were placed in carrying cases provided -with close-fitting covers 
and screened windows for ventilation. A pad of moist cotton was placed over 
each cage to prevent desiccation. Deaths of insects in transit were not excessive. 

Incculatiom . — ^Mosquitoes were inspected in their cages on arrival at the lab- 
oratory in Entebbe. In some instances the dead were discarded while in others 
they were used together -with those which were living. The -suable insects were 
killed frith chloroform and, -with or -without those which were dead on arrival, 
were ground in a sterile porcelain mortar. Tn the case of large lots of insects, 
sterile powdered pyrex glass was used as abrasive to facilitate suspension. After 
thorough maceration the insects were suspended in the minimum quantity of 10 
per cent serum^ required to make a good suspension. This was spun in the angle 
centrifuge for 20 nainutes to one hour at about 3,000 r.p.m., and the supemate was 
removed. Usually a 1 ml. portion of the supernate was passed through a washed 
Seitz EK pad in preparation for intracerebral inoculation of mice,® but the re- 
mainder of the supemate was not filtered. On occasion unfiltered supemate was 
also inoculated into mice, but usually the entire unfiltered portion of supemate 
plus any remaining portion of filtrate was inoculated subcutaneously into a 
normal rhesus monkey. The number of lots of mosquitoes and the numbers of 
indi-ridual insects ground up for inoculation into animals during the three-year 
period of the study are shown in table 1, together with the number of monkeys 
and groups of mice receiving the suspensions. 

Observations of Animals . — ^Mice were examined daily in the forenoon, and brain 
passages were made from any which appeared ill. Monkeys were observed at 
frequent mtervals and their temperatures were taken twice daily, except on 
Sundays and holidays, when they were taken in the morning only. Whenever a 
monkey had fever of 104°F. or higher, or appeared ill, it was bled from a leg vein, 
and subinoculations were made to mice and occasionally to another normal 
monkey. Monkeys which succumbed were examined post mortem, and stained 
sections of their tissues were studied microscopically. Protection tests were done 
on all monkeys prior to the first inoculations. These were repeated before each 
reinoculation if the monlceys were subsequently used. The final tests for im- 
munity were made at least one month after the last inoculations. The strains of 
-rims isolated were identified by protection tests in mice. 

^ Ten per cent serum is routinely used in this laboratory as diluent for yellow fever virus 
or any materials suspected of containing that agent. It is prepared by adding 9 volumes 
of sterile physiological saline to one volume of known non-immune serum. It is routinely 
passed through a Seitz EK pad prior to use. 

^ For this and other experimental procedures animals were anesthetized with ether. 
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ISOLATION OF VIHUS FHOM AEdES SIMPSONI 

Intensive collection of mosquitoes was begun in Bwamba in March 1942. At 
first, attention was directed almost entirely to the collection of A. simpsoni in 
banana plantations, where this axil-breeding species abounds. During the period 
from March G to June 14, 2,27G mosquitoes were obtained, 2,207 being A. simp- 
soni. Of these, 1 ,926 were sent to Entebbe in five lots. Lot No. 5, consisting of 
432 Acdcs simpsoni females caught at Bundinyama, arrived at the laboratory on 
the evening of Juno 15, 1942. The next morning 37 of the mosquitoes were dead, 
and these wore discarded. The 395 viable insects were killed with chloroform 
and ground in a mortar with 7.9 ml. of 10 per cent serum saline. The suspension 
was cleared by centrifugation, and six mice were inoculated intracerebrally with 
the unfiltereel supemate. The remainder of the supemate was passed through a 

TABLE 1 


Summary of inoculations of animals toith suspensions of wild-caught mosquitoes over the 

three-year period 1942-1944 


I'EAE 

uosQtrrroEs: 

NO. 0? LOTS 

NO. UOSQUITOES USED 
rOE INJECTION 

NO. INOCULATIONS DONE 

Groups of mice 

Rhesus monteys 

1942* 

5 

1,781 

8 

5 

ig42tt 

33 

17,468 

33 

33 

1943§ 

43 

31,042 

43 

43 

19441111 

31 

16,417 

31 

27 

1944**tt 

125 

18,131 

371 

94 

Total 

237 

1 

84,839 

486 

202 


* Up to and including tlio isolation of yellow fever virus from A, simpsoni. 

t After isolation of yellow fever virus from A. simpsoni. 

t Semliki Forest virus (11) isolated. 

§ Bunyamwera virus (12) and another undescribed virus isolated. 

II Up to and including the isolation of yellow fever ^^rus from mixed Aedes spp. 

^ Two strains of Rift Valley fever virus isolated (IS). 

** After the isolation of yellow fever virus from mixed Aedes spp. 

It Four strains of Rift Valley fever virus isolated (18). 

Seitz EK pad. Another group of mice received filtrate intracerebrally, and the 
remaining 6.0 ml. of filtrate was inoculated subcutaneously into normal rhesus 
monkey No. 240. 

All the mice which received unfiltered mosquito suspension were dead the day 
following inoculation, and they were discarded. The six mice which received 
Seitz-filtered suspension remained well through 30 days and were discaitied. 

The normal temperature of rhesus 240 was 101.4° to 102.4°F. On the seventh 
day (June 23) its temperature rose to 103.8°F. and was elevated daily thereafter 
until June 28, but did not at any time exceed 103.8°. The animal did not appear 
particularly ill until June 28, when its coat was rough and it seemed weak and 
apathetic and refused food. The animal was found dead on the mor^g of 
June 29. The gross autopsy was quite suggestive, and microscopic sections re- 
vealed the presence of lesions of yellow fever. 
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Ehesus 240 was bled on June 28, when the first sign of illness appeared. The 
serum obtained was subinoculated intracerebrally into a group of mice, and rhesus 
244 received 1 .0 ml. intraperitoneally . The mice sickened on the fourth day, and 
all were dead by the sixth day. Intracerebral inoculatibns in series were success- 
ful, the virus becoming established readily in mice after passage through the 
rhesus monkey, although it failed to become established in mice directly from the 
mosquitoes. 

Rhesus 244 had an afternoon temperature of 104.0®F. 30 hours after inocula- 
tion. It first showed outward signs of illness on the morning of the second daj'" 
after inoculation, but by the afternoon of the third day it was moribund. It "w^as 
then bled to get serum for preservation by drying, and sacrificed for autopsy. 
The stomach contained flecks of black altered blood mixed with partially digested 
food, and the mucosa was congested. The liver w^as normal in size, pale yellow- 
brown in color, and greasy in consistency. Stained sections of the tissues ex- 
hibited the lesions of yello"w fever. 

Serum taken from rhesus 244 three days after inoculation was used as virus in 
an intraperitoneal protection test. To 3.0 ml. portions of normal and yellow 
fever immune sera w^ere added 1.5 ml. portions of the monkey serum; 0.6 ml. 
portions of the two mixtures were inoculated intraperitoneally into separate 
groups of six mice previously prepared by the intracerebral inoculation of sterile 
2 per cent starch solution. The mice receiving monkey serum virus mixed with 
normal serum sickened, and all were dead by the twelfth day, whereas those re- 
ceiving monkey serum -vdrus mixed with yellow fever immune serum were pro- 
tected and all remained well. 

Bundinyama, the lociility where this lot of mosquitoes was caught is situated 
near the southern border of the Semliki Forest, with w^hich it is connected by a 
dense strip of relict primary forest. The mosquitoes from which the wrus w*as 
isolated were caught in a banana and coffee plantation not 100 yards from the 
edge of this strip. After yellow fever virus had been isolated from these A. simp- 
soni, catching of mosquitoes was started in the relict forest itself, in an attempt 
to ascertain whether virus could be isolated from other species. Although the 
catches were continued in this forest belt during two months, yellow' fever virus 
was not again isolated . In the second month , how'ever, another ^drus, apparently 
hitherto unknown, was isolated from a lot of mosquitoes belonging to an un- 
described species of the Aedes (AedimorpJms) abnormalis Theo. group and was 
given the name Semliki Forest virus (11). 

As has been explained above, the conclusion was reached that yellow fever 
must be persisting among wild animals and that some vector other than A. simp- 
soni must be involved. Attention was therefore turned to the main uninhabited 
forest area, and intensive collection of forest mosquitoes was begun. 

ISOLATION OF VIRUS FROM FOREST AEDES SPP. 

Betw'een the time of the isolation of virus from A. simpsoixi in 1942 and the end 
of 1943, 61,031 mosquitoes were collected in various parts of the SemlUci Forest, 
and of these 48,924 were dispatched to Entebbe for inoculation into laboratorj'" 
animals. Three other viruses (11, 12, 13), each probably lutherto unknown, w'crc 



2G6 


K. C. SMITHBURN AXD A. J. HADDOW 


isolated, but yello\v fever was not encountered. We were unable to obtain in- 
formation from pygmies or other hunters regarding the presence of illness in any 
forest animals, and there was nothing else to indicate ah area in which success 
might be expected. T^diether the disease in forest is endemic or epidemic was 
not known, and there was certain to be a considerable element of chance associ- 
ated with success. During an earlier stage of the work it had been thought likely 
that a comparison between the immunity rates in monkej’s shot in different lo- 
calities might help in the selection of a suitable area, but by this time it had be- 
come apparent that the monke 5 ’’ disease was ubiquitous in the lowland forests 
and that the immunity rate differed but little between one district and another. 
Such being the case, it seemed rational to concentrate the effort on a single area 
of uninhabited rain forest, the main requisites in the selection of the area being 
as follows: 

1) The continuous presence of a large and varied mosquito population. 

2) The continuous presence of monke 3 ^s in large numbers. 

3) The e\ddence of past activity of j^ellow fever \dnis, as shown by immimitj’’ 
among monkeys. 

4) The absence, as far as possible, of human beings. 

5) Reasonable accessibility hy road. 

By the end of 1943 a considerable amount of information about the Semliki 
Forest and its animals had been acquired, and an area known as Mongiro seemed 
to fulfill the foregoing requh-ements particularty well. Intensive work was be- 
gun there in January 1944. 

Mongiro is a small belt of dense primeval rain forest vith high closed canopj', 
] 3 dng on the eastern border of the main Semliki Forests It is continuous vith 
the main forest to the north. To the west it is bounded by an extensive grassy 
clearing, formerly the site of a thrhdng ■\dllage which was abandoned a few j’^ears 
ago by the few who sundved a sudden fulminating epidemic. To the east is an 
area of hot sulphur springs, and beyond these are the open Semliki Plains. To 
the south the area is bounded by the foothills of the Ruwenzori Mountains on 
which vegetation of a different kind prevails. The forest at Mongiro is of a ver}’’ 
mixed type. The soil is black and rich and is threaded bj’- numerous streamlets 
which flow all year round. This marshy forest floor supports a dense growth of 
Marantaceae and Zingiberaceae, whose large leaves form an excellent harborage 
for resting mosquitoes. Timber trees of many species occur at Mongiro and the 
oil-palm {Elaeis guineensis Jacq.) is particularly prevalent. The abundance of 
this palm, which fruits irregularly throughout the 5 ’-ear, is a point of importance, 
as the prolific supply of oil-nuts enables a huge and varied monkey population to 
thrive in the area. We estimate that there are not less than 400 monkeys in a 
single square mile of forest at Mongiro. These monkeys belong to nine different 
species and are dmded into 12 bands. Many species of animals belonging to 
other groups occur at Mongiro. Among the big game, elephant and buffalo are 
particularly prevalent and ser^'-e as a deterrent to would-be native settlers. The 
area, moreover, is regarded Avith superstitious dread by the local African ^d, 
though the main road traverses the forest strip, the entire population within a 
radius of a mile is less than 10 individuals. So far as can be ascertained all these 
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have been vaccinated against yellow fever. The nearest huts are about half a 
mile distant from the forest edge. The general picture is thus of a partly isolated 
strip of dense lovland rain forest, usually very warm and humid, inhabited by 
large numbers of monkeys and other wild animals but not by humans, and sup- 
porting a huge and varied mosquito fauna. The area has been described in 
greater detail in a separate communication (14). 

Though the classical vector (A. aegypti) and three known laboratory vectors of 
yellow fever {Ereimapodites chrysogaster Graham (15), Tamiorliynchm {Man- 
sonioides) africamis Theo. (16), and A^es (Stegomyia) africanus Theo. (17) ) 
had been encountered at Mongiro, it was considered possible that some other 
mosquito might be the forest vector in this area. It was not possible, however, 
to inoculate each species into a separate monkey, as catches at Mongiro usually 
included about 30 different species. Generic groupings, therefore, were used for 
the inoculations, although the composition of each by species was known. As 
mentioned above, however, particularly abundant species were quite frequently 
given individual treatment. 

During the period between the end of January and mid-April 1944, 14,020 
mosquitoes were collected at Mongiro and, of these 13,354 were dispatched to 
Entebbe for inocidation into laboratory animals. No virus was obtained. Be- 
tween the 18th and the 23rd of April a catch of 4,310 mosquitoes was made and 
3,860 of these were sent to Entebbe, arriving on the evening of April 23. The 
inoculations were done the following morning. The catch included rather large 
numbers of the A. tarsalis Newst. group and A. circumluteolus Newst., which had 
been kept separate; but all other mosquitoes were grouped generically and were 
thus inoculated into animals. Separate groups of mice were inoculated intra- 
cerebrally with Seitz filtrate of suspensions of Anopheles, Culez, Taeniorhynchm, 
Ereimapodites, Aedes, A. tarsalis group, and A. circumluteohis. Separate normal 
rhesus monkeys were inoculated subcutaneously "with unfiltered supemates of 
suspensions of Anopheles, Taeniorhynchus, Ereimapodites, AMes, A, tarsalis 
group and A. circumluteolus. 

This was a most productive catch of mosquitoes, as Rift Valley fever virus 
was isolated from both the Ereimapodites and the A. tarsalis group (18) and 
yellow fever ^urus from the Aedes. However, we are here concerned only with 
the latter. The lot of Aedes from which this strain of yellow fever virus was 
isolated contained 80 insects of 12 different species, as follows: 

A. {Stegomyia) apicoargenieus Theo. 

A. (iS.) de-hocri ssp dc-meilloni Edw 

A. is.) africanus Theo 

A. {A'idimorphus) haworthi Edw 

A. (A.) argcnieopunclatxis Theo 

A. (A.) mutihis Edw 

A. (A.) sp.n. near ahnormalis Theo. 

A. (A.) Zam6orni Edw 

A. (A.) cumminsi Theo 

A. (A.) nalronhis Edw 

A. {BanksincUa) palpalis Newst 

A. (B.) Zaemarostn's Theo 


3 

12 

3 
1 

4 
1 
9 
3 

13 

11 

11 

9 
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One mouse in the group inoculated with filtrate of the Acdes suspension be- 
came sick on the fifth day after inoculation and was sacrificed for brain passage. 
Unfiltered and Seitz-filtered brain suspension was inoculated into separate gi'oups 
of mice, Avhich, however, remained well, as did the other five mice in the original 
group recei'vdng the mosquito suspension. 

Rhesus 421, which received the suspenison of Aedes mosquitoes had morning 
and afternoon temperatmes of 104.4°F. on the seventh postinoculation day but 
did not appear ill. On the morning of the eighth dai”- it was weak and apathetic, 
refused food, and its coat was roughened, although its temperature was normal. 
By the afternoon of the eighth daj'’ it had become much sicker and its temperature 
had taken a sharp decline. It was dead the following morning. At autopsy the 
liver was found to be of normal size and consistenc3q but pale j^ellow-brown in 
color and greasy on section. The stomach contained a large amount of black 
altered blood. The kidnej^s appeared swollen and pale. The stained sections 
of liver showed the characteristic lesions of j’^ellow fever. * 

Rhesus 421 was bled on the seventh and eighth daj's, and its serum was sub- 
inoculated into mice. Heart’s blood and a suspension of liver taken at autopsy 
were also subinoculated into mice and into rhesus 510. jMice inoculated with 
seventh-day serum sickened on the sixth day and were aU dead by the eleventh 
day. Mice which received the eighth-daj’- seram also sickened on the sixth day 
and were all dead by the ninth. Seitz-filtered serum from the heart’s blood taken 
after the death of rhesus 421 caused mice to sicken in seven daj'-s. Five of this 
group were dead by the twelfth day, but one mouse sundved. Seitz-filtered liver 
suspension caused illness in mice beginning on the eighth daj’’. Five of the mice 
were dead bj-- the fourteenth da3\ The sixth mouse in this group became para- 
lyzed but hved until the twenty-second day and was then discarded. 

Rhesus 510, inoculated subcutaneously Maj’' 3, 1944, with Seitz-filtered serum 
and Seitz-filtered liver suspension from rhesus 421, had a temperature of 105.0°F. 
on the morning of Maj’’ 6 and appeared sick. The following da3’' its temperature 
was subnormal, and it was found dead on the morning of hla3’’ S. The gross and 
microscopic findings were t3rpical of yellow fever. Serum taken Ma3'' 6 contained 
virus in a titre of 1 in 3,170,000, and a lot of this senim was presented 63’’ ch^nng 
while frozen. Third mouse passage ^drus was used for intracerebral and intra- 
peritoneal protection tests. The intraperitoneal test failed because the 10 per 
cent virus mixed with normal serum and inoculated intraperitoneally into 
prepared by intracerebral injection of starch did not cause death. However, the 
intracerebral test was successful: all the mice receiving 1 in 10,000 mouse bram 
^’irus with normal serum succumbed, while those receding the same ^^^us mixed 
with yellow fever immune serum remained well. 

• Dried preparations of this strain of virus from Acdes mosquitoes and of the one 
from A. simpsoni were used in various experimental studies some montlis after 
drying and both have shown the characteristic properties of fully \’irulent pan- 
tropic .yellow fever virus. 

Following the isolation of virus in April 1944, intensive work at Mongiro and in 
some other forest areas was continued until early July when entomological work 
in Bwamba was temporaril3’- suspended. Since the beginning of the year 54,125 
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mosquitoes had been collected in Bwamba, of which 44,667 were taken at Mon- 
giro. Of these, 35,525 had been sent to Entebbe for inoculation into animals. 
After the isolation of virus in April from AHes spp. reported above, yellow fever 
was not again encountered. 

DISCUSSION 

The studies made in 1941 (4) in Bwamba Count}'' indicated clearly that the 
vector for yellow fever in man in that region is the semidomestic mosquito Aedes 
mnpsoni. The expeiience of that outbreak offered no explanation of how the 
ALedcs simpsoni became infected, but it had already been observed (2, 6) that 
immunity to yellow fever was more prevalent among persons residing in close 
proximity to forest than in those residing in open country. This suggested that 
A . simpsoni might acquire its infection from forest animals when they enter planta- 
tions in search of food, a possibility which seemed eA'^en more probable when -^drus 
was again isolated from A. simpsoni caught in a forest-edge plantation 11 months 
after the human population had been effectively immunized (5). Further, a high 
incidence of immunit}'' to yellow fever was found among all the principal species 
of monkeys known to inhabit the lowland forests of Bwamba (7), Finally, in 
1944, the isolation of virus from a lot of mosquitoes caught in uninhabited forest, 
and including neither the classic vector A. aegypti nor the known vector for man 
in Bwamba, A. simpsoin, established bejmnd question the existence of an extra- 
human cycle of virus activity. 

Information from the survey of immunity among animals of the Semliki Forest 
indicates that the extrahuman cycle of yellow fever is endemic, and that monkeys 
are the principal mammalian hosts (7). However, if the %drus is, as it seems, 
active in the forest more or less continually, it is not necessarily ever-present in 
any given small locality. Thus the quest of it is most elusive and the forest vec- 
tor has, thus far, not been discovered. Nevertheless, certain implications as to 
probabilities may be drawn concerning the 12 species included in the incriminated 
lot of Aedes. 

Assuming that the epidemiology of the extrahuman cycle of yellow fever in 
the Semliki Forest is not a local phenomenon — and at present there is no basis 
for assuming that it is — several species of mosquitoes in the incriminated lot may 
be eliminated from general epidemiological considerations on the basis of scarcity 
or of restricted distribution. These include A. de-hoeri spp. de-meillnni, A. 
haworthi, A. midilus, A. ahmrmalis group sp.n., A. lamhorni, A. naironins, A. 
palpalis and A. iaeniarosiris. Of the species remaining, A. argcnfcoptmclaius 
and A, ctmminsi have a wide range, but their vector potentialities have not been 
investigated. A. apicoargenteus likewise has wide distribution but was found by 
Bauer (15) to be incapable of maintaining or transmitting 3'ellow fever virus.® 
A. africanns has a wide range and in the experience of Philip (17) and ourselves 
is an efficient vector of the disease. Therefore, with the possible exception of 
A. argenteopxmctains and A. cumminsi — the ability of which to transmit yellow 
fever remains to be determined — A. africanns is the most suspect of the 12 species. 

* In view of the wide distribution of this species it is felt that specimens from other 
localities should be tested before it is eliminated from consideration as a possible vector. 
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Bugher e/ al. (19) found that the principal vectors of jungle yellow fever in 
Colombia are essentially arboreal and that they attain their highest concentra- 
tion in the main forest canopy. In Bwamba the information gained from the 
survey of immunity in monkeys indicates no significant difference in immuni ty 
rate between species (such as the baboon, P. doguera) which spend much of their 
tune during daylight on the ground, and those (such as Coldbus polykmos, Cer- 
cocchus albigena-, and Cercopiihcciis neglechts) which rarely descend to the ground 
and then for short periods onI3^ This situation could be explained by a vector 
which bites during dajdight vnth equal avidit}’^ at ground level and in the forest 
canopy. No such insect has been found. It could also be explained by a vector 
which is active in the canopy at any time between sunset and sunrise, during 
which time both arboreal and terrestrial monkeys are in the trees. A. africanus 
fulfills this requirement in ideal manner. Series of 24-hour catches made simul- 
taneously at ground level and at various heights in the trees have demonstrated 
clearlj' that A. a/rica?!us is the dominant arboreal culicine in the lowland forest 
of Bwamba (14). Scarce as an adult at ground level, this species is common 50 
to 60 feet above ground. It is consistent!}’’ present in the canopy day after day 
and females can be taken biting there even under drought conditions. Finally, 
it has a sharp peak of biting activity in the hour following sunset, as sho’wn by 
studies here and in West Africa (14, 20). Thus, the indications are that the epi- 
demiology of yellow fever in the forests of South America and Africa may, in 
general, be similar and that in Africa Addes africamis may be found to be an im- 
portant forest vector. 

In several areas in Uganda it has been observed that the incidence of immunity 
to yellow fever in monlceys is significantly higher than in the unvaccinated human 
population in the same region. Moreover, immunity has been found in monkeys 
in regions where no humans reside, and the isolation of ^^^us from mosquitoes in 
such a region is here reported. Thus it seems probable that there exists an en- 
demic disease cycle involving forest animals and preferentially arboreal mos- 
quitoes ■without the participation of the hiunan host. The human host could, 
and probably does, acquire infection in one or other of two ways: by entering 
forest and being bitten by the forest vector, as in Colombia (19), or through a 
semidomestic vector such as A. simpsoni. The latter could acquire its infection 
in forest edge, where it is known to be active, or from animals which leave the 
forest and enter plantations in search of food. In Bwamba there is present a 
notable example of such an animal, namely the redtail monkey, CercopiOiecus 
nictiians mpangae Matschie. These animals are notorious raiders of plantations. 
Laboratory tests, as yet unpublished, have shown that they are susceptible to 
yellow fever, and many immune individuals have been found. It seems probable 
that they constitute one link between the endemic disease in the forest and the 
human population. 


SUMMARY 

Yellow fever virus was isolated from Aedes simpsoni caught in 1942 in a forest- 
edge plantation in Western Uganda 11 months after the effective mass immuniza- 
tion of the human population. 
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The virus was again isolated in 1944 from a lot of 80 Aedes mosquitoes, includ- 
ing 12 different species but not including A . aegypti or A . simpsoni. These mos- 
quitoes were taken in the uninhabited Semliki Forest, indicating an extrahuman 
cycle of virus activity invohdng a forest vector. 

The implications of the results are discussed with reference to the epidemiology 
of the disease in forest regions and the means by which the infection reaches man. 
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HISTOPLiVSMOSIS IN BRAZIL^ ‘ 

^LVDDRErUA PARA, M.D.* 

The clinical and laboratory diagnosis of Darling’s disease (histoplasmosis) has 
increased in importance o\ving to the relative frequency with which this disease 
has been shown to occur in various countries during the past ten years. Follow- 
ing De hlonbreun’s conclusive experimental demonstration, in 1933, of Rocha 
Lima’s old hypothesis that histoplasmosis was really a mycosis, an awakened 
interest in the diagnosis of this disease has been clearly indicated by the increase 
in the nvunber of cases described. Two excellent reviews of the historical aspects 
and the contemporary knowledge of lustoplasmosis are found in the articles of 
Negroni (1940) and Meleney (1940). The subject was amplified in a recent paper, 
by Moore and Jorstad (1943). A short summary of the more important work 
on this visceral mycosis is given below, followed by a brief account of the cases 
found in Brazil. 


HISTORICAL 

While investigating the presence of kaJa-azar among the natives of the Panama 
Canal Zone, Darling (1906) discovered a disease entity whose symptoms and 
pathology were similar to those of kala-azar, but in which the visceral lesions 
contained a parasite different from Leishmama. Darling (1908) later concluded 
that the organism was a new protozoon, and named it Histoplasma capsulaium. 

Rocha Lima (1912) examined Darling’s preparations and suggested that H. 
capsulaium might be a fungus of the same group as Cripiococcus farciminosus, 
the causative agent of epizootic lymphangitis. This hypothesis was accepted by 
Darling. 

The disease was not described again imtil 1926, at which time Watson and 
Riley (1926) reported the infection occurring in a woman in the state of Minne- 
sota, U. S. A. 

De Monbreun (1934) confirmed the hypothesis that the disease was a mycosis. 
He isolated a fungus from the blood and spleen of a child with histoplasmosis, 
whose case had been described by Dodd and Tompkins (1934). The organism 
had cultural and morphological characteristics which indicated that it belonged 
to a new genus. He continued, however, to use the name assigned by Darling. 
He was able to infect a rhesus monkey with the fungus and to reproduce in this 
animal a clinical picture similar to that observed in human cases. 

Hansmann and Schenken (1934) simultaneously described a fatal systemic 
mycotic infection \vith extensive cutaneous lesions. They isolated a fungus 
which they considered as belonging to the Sepedonium genus. This specimen was 

' The work described in this paper was carried out under the auspices of the Servi?© de 
Estudos e Pesquisas s6bre a Febre Amarela, which is maintained jointly by the Ministry 
of Education and Health of Brazil and the International Health Division of The Rockefeller 
Foimdation. 

* EBstopathological Section, National Yellow Fever Service, BrazilJ 
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later studied by Moore (1934) and ■n’as fii-st regarded by him as a new genus, 
Posadasia, but was finally identified by Redaelli and Ciferri (1934) as H. capstda- 
tum. Ciferri, Redaelli, and Visocchi (1938) completed the m3’^cologicaI study 
of this species, creating for it a new family, Histophsmaceae, in which they in- 
cluded Criptococciis farcimniosns, Rivolta and hlicellone, 1883, and Criptccoccus 
7711/m, Short, 1932. 

Redaelli and Ciferri fl934a) were also able to produce experimental Histo- 
plasma infection in white rats, guinea pigs, and rabbits. As the result of these 
experimental studies it was established that the disease process caused by Histo- 
plasma infection is essentially a systemic reticulo-endotheliosis. 

Dc Monbreun (1939) first observed the spontaneous occurrence of this disease 
in a domestic dog, and obtained from the sick animal a new strain of fungus, 
which he proved to be identical with one wliich he had isolated from a human 
case. He was also able to reproduce the disease axperimentally in puppies. He 
suggested that the dog might serve as a natural host for the organism, and that 
the infection might be transmitted to man either bj’^ blood-sucking vectors or by 
direct contact. 

Thuringer (1944) and Callahan (1944) recorded, respectively, the second and 
third cases of natural canine infections, but thej’’ made no attempt to cultivate 
the parasite. None of the three animal cases reported was associated with a 
human infection. 

Tager and Liebow (1942) and also Parsons (1942) showed that the young white 
mouse is very susceptible to Histoplasma infection, especially when inoculation 
is made by the intravenous route. Simson and Bametson (1942), isolated a 
human strain of Histoplasma in South Africa, which, although morphologically 
identical with Histoplasma capsidaium, was not pathogenic to animals and did 
not grow at 37°C. 

Moore (1941) was successful in cultivating H. capsxdaium on the chorioallantoic 
membrane of the developing chick embryo. He made a detailed study of the con- 
version of the mycehal, or saprophytic, form of Histoplasma into the yeastlike, or 
parasitic form. He confirmed pre'vuous in vitro observation of the segmentation 
of the aerial hyphae, follow'ed by the enlargement of the separate elements and 
their final fission, a process which is similar to the formation of arthrospores, or 
oidia. He also obser\’^ed the endosporulation of the tuberculate cells which finallj’^ 
became converted into clusters of j’-eastlike spores. He concluded that these 
h 3 rpnospores should be considered "ascus-like” stmctures, probably of a degen- 
erated nature. 

Duncan isolated the fungus in England from a case notified bj’’ Derrj’- et al. 
(1942). The victim w’’as a soldier who had probably contracted the disease in 
the Sudan or in India. For cultivation purposes Duncan used Allison and Aj’l- 
ing’s (1929) potassium tellurite and copper sulphate bacteriostatic medium to 
inhibit the prejudical growdh of a staphylococcus contaminant. 

Crumrine and Kessel (1931) had reported a human case wdthout splenomegaly, 
but with intensive gastrointestinal and glandular involvement. Broders et al. 
(1943) described a fatal case of histoplasmosis in which the initial lesions probably 
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occurred in the throat. The fully developed clinical picture was consistent with 
that of a septic endocarditis, and autopsy revealed a vegetative endocarditis of 
the mitral %uilve and histoplasmas in the heart lesions and in the adrenals. The 
diagnosis had initiall}’- been made during life by means of a liver biopsy. Of 
great interest is the fact that liver specimens taken at autopsy showed neither 
parasites nor lesions. 

This would seem to indicate that Histoplasma infection does not necessarily 
present the invasive and generalized features observed in classical cases, but that, 
on the other hand, it may at times be anatomically focal in character. 

Zarafonetis and Lindberg (1941), and Van Pemis, Benson, and Hohnger (1941), 
independently devised similar methods for the diagnosis of histoplasmosis by 
intradermal tests. The antigens comprised either dead suspensions of the yeast- 
like form of the fungus, or soluble substances from the filtrate of old mycelial- 
form cultures. The specific value of these tests has not been definitely proven. 

Alonso and Freijd ^(144) reported the first recognized case of histoplasmosis 
in Uruguay, the diagnosis being based on examination of a biopsy specimen. 
The patient made a complete recover^’’ following the use of sulfadiazine therapy. 
In several other cases described in the literature, however, sulfonamides and 
chemotherapeutic agents such as arsenicals, antimony, iodine, and bismuth, have 
failed to effect a cure.' It may be stated that no specific treatment for the disease 
has as yet been generally recognized. 

The cases of histoplasmosis so far reported have occurred in widely separated 
regions in this order: Central America, Philippine Islands (?), United States, 
Austria, Java, Argentina, Brazil, South Africa, England, Mexico, Venezuela, 
Portugal, and Uruguay. The greatest number of confirmed cases has been found 
in the United States, wfiere there are at least two zones in which the disease exists 
in endemic form. These endemic zones lie in Missouri (Beamer et al. 1944) and 
Michigan (Parsons and Zarafonetis, 1945). 

OCCURRENCE IN BRAZIL 

The first undoubted Brazilian case of histoplasmosis was diagnosed by ViUela 
and Pard (1941) in 1939, but the case was not reported until 1941. The diag- 
nosis was based on the histopathological exammation of a idscerotomy liver speci- 
men in which typical lesions and parasites were seen. Between the years 1939 
and 1944, a total of 169,808 liver specimens were collected and examined during the 
routine histopathological control of yellow fever, and among these specimens four 
additional cases of this idsceral mycosis w^ere encountered (fig. 1). The clinical 
histories of these cases and a description of the liver lesions are given below. The 
clinical and epidemiological data for each case were obtained only after the histo- 
pathological diagnosis had been made, consequently complete and more precise 
information is lacking. 

Three other cases have been found by biopsy or autopsy in Brazil: two, pre- 
viously reported, by Almeida and Lacaz (1939) (1941), and one by Duarte in 1944 
(personal communication). The former are questionable cases and the later 
report has not yet been published. This case however was a fatal one and was 
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discovered at autopsy. Cliaracteristic lesions and parasites were found only in 
the lymphoid structure of the small intestine, in the brain, and in the meninges, 
where an intense, acute inflammatory’' process was observed. There was no 
evidence of liver or spleen involvement. 

DIAGNOSIS OF HISTOPLASMOSIS CASKS BASED ON EXAMIN.^TION OP 
VISCEROTOMY LIVER SPECIMENS 

Case No. 1 — H. M. S. — k. three-year-old mulatto boy who died on July 7, 1939, 
in Recreio, Minas Gemis (previously reported by Yillcla and Paid, 1941). 

Clinical data. The child had been born and brought up in a habitation in 
which several families lived together. There was intimate contact with both 
dogs and cats. He was presumably in good health until two months before 
death. The onset of his illness was characterized by fever, weakness, and an- 
orexia. He became progressively emaciated. One month later an attack of 
"bloody diarrhea” occurred, which lasted several days and for which the patient 
was given a syrup containing iodine and tannic acid, an oral antidysentery 
vaccine, and a tonic containing idtamins A and D. One week before death his 
skin became jaundiced, and "spots” appeared on several different parts of the 
body. He was not confmed to bed until three days before death. No animal 
infection nor other human case could be revealed by subsequent investigations. 

Liver pathology — Lab. No. 172092. There is a discrete alteration in trabecular 
structure, but the hepatic cells are normal in appearance, and there is no evidence 
of necrosis. Fatty degeneration is marked, with the formation of large and 
medium-sized vacuoles. Rare multinucleated cells are seen in the peripheral 
zone of the lobules. In addition to the marked hyperplasia of the Kupffer cells 
there is an intense infiltration of the portal spaces with fibroblasts, ly’mphocytes, 
endothelial and polymorphonuclear leukocytes. There is no granuloma forma- 
tion or fibrosis. Numerous parasites can be seen in almost all of the- Kupffer cells 
and in the cells infiltrating the portal spaces. The parasitized cells are diffusely 
scattered throughout the hepatic lobule, but are most numerous in the portal 
spaces. 

Case No. 2 — B. H. R. — A 19-months-old colored, male child, who died Sept. 7, 
1943, in Xiririca, Sao Paulo. 

Clinical data. The patient was bom in a straw hut situated about four kilo- 
meters from Xiririca. The mother died during labor, and the infant was raised on 
cow’s milk and porridge. His father is alive and healthy. Little is known about 
the onset of the child’s fatal illness, since the history was complicated by the pres- 
ence of a persistent rectal prolapse which appeared at the age of two months, and, 
in addition, a helminth infestation. He failed to gain weight normally, and suf- 
fered from anorexia, alternating constipation and colicky diarrhea, and insomma. 
Concerning the events immediately preceding his death, it is known only that • 
dark macules appeared on the soles of the feet, the thighs, and the trunk two 
days before demise. During life, the child had often been taken to a neighboring 
house, some two kilometers distant, where there were three dogs. Subsequent 
investigation of these animals resulted in the isolation of a strain of Hisloplasma. 
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This data is described in a subsequent section. No other human cases were de- 
tected through the field inquiry. 

Liver paihology — Lab. No. 300484. Necrosis and fibrosis are absent and there 
is no alteration in nuclear or trabecular structure. There is a fatty infiltration, 
consisting of large vacuoles, and a slight hyperplasia of the Kupffer cells. In the 
portal zone there is a definite, variably outlined, granulomatous reaction which 
consists of an intense proliferation of epithelioid cells and fibroblasts and an in- 



Fig. 1. Map of Braziii Showing Locautibs Where the Five Human Cases op HistO' 

PLASMosis Occurred 


filtration of monocytes, lymphocytes, and plasma cells. Giant cells of the Lang- 
hans type are also in evidence. Within the granulomata numerous parasites are 
visible, sometimes free, but generally intracellular. Some of the Histoplasma 
agglomerations are surrounded by a halo, which doubtless represents an achro- 
matic capsule common to these organisms. Such structures have the appearance 
of Toxoplasma "pseudocysts,” and are found most frequently in parasitized giant 
cells. 
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Case No. 3 — B. A. A. — A six-ycar-old colored girl who died on June 11, 1944, 
in Itap6 (Ilh6us Region), Bnhiii. 

Clinical data. The child was born at term, in a small mud hut in the village of 
Itap(5. At the age of one month she had measles, followed almost immediately by 
alastrim. At five years of age, early in 1943, she experienced intermittent attacks 
of nocturnal fever over a period of two months and, simultaneously, her parents 
noted the appearance of two swollen glands in the left inguinal region which 
gradually increased in size. Other swellings appeared on the right side, and sub- 
sequently in the axillary, ccnucal, and postauricular regions. Six months later 
one of the original buboes in the left inguinal region, ha\’ing reached the size of a 
small lemon, ruptured and released a purulent cream-like secretion. The open 
bubo ulcerated and the crater, covered with a fetid yellow secretion, extended 
almost to the \adva. One month later she was taken for the first time, to a 
doctor who prescribed medicines to combat her anemia, sulfanilamide, and the 
local application of an ointment containing iodine and methyl salicylate. She 
failed to improve, however, and buboes continued to develop. Anorexia ap- 
peared, and, during the last two weeks of her life, she was confined to bed because 
of marked lassitude and weakness. No animal case or other human case was 
discovered by the field investigation. 

Liver pathology — Lab. No. 320726. The trabecular structure is slightly al- 
tered. A large number of binucleated hepatic cells are present. There are some 
foci of lytic necrosis, for the most part situated in the peripheiy of the lobules, 
and varying considerably' in size. An intense fibroblastic proliferation and lymph- 
ocytic infiltration can be seen in the foci. There is a generalized endothe- 
lial hyperplasia, discrete passive congestion, and, as well, a diffuse lyunphocydic 
infiltration. In the portal spaces there occurs early connective tissue hyqjer- 
plasia and mononuclear cell infiltration. In some lobules the portal fibrosis 
shows an invasive tendency'. There is definite bUe stasis, leading to the forma- 
tion of small bile cydinders within the hepatic cells, particularly' in the porto- 
lobular zones. Numerous clusters of Histoplasma are \'isible in the necrotic foci, 
in the portal spaces, and rarely in histiocytes not involved with the lesions. 

Case No. 4 — C. B. 0. — A three-y'ear-old girl who died on April 28, 1939, in 
Itap6 (IIh4us Region), Bahia. 

Clinical data. This case was overlooked in the original routine examination of 
the histopathological material, but was discovered on re-examination of the 442 
liver specimens which had been received from the locality' of Itap6 up to July 
1944, when case No. 3 was diagnosed. We were unable to obtain any clinical 
data on this case except that the A'ictim had died during a measles epidemic. 
Five of her brothers died at the same time, and liver specimens were obtained 
from two of these. Both were negative for histoplasmosis. 

Liver pathology — Lab. No. 166624. The nuclear and trabecular structures are 
normal. There is a discrete fatty infiltration in the form of large droplets. 
Various-sized foci of lytic necrosis are present, which, when combined with the 
fibroblastic proliferation and infiltration by mononuclear and polymorphonuclear 
cells, give the focal lesions the appearance of microabscesses. In the portal 
spaces a marked proliferation of fibroblasts, plasma cells, and phagocy'tes can be 
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seen. A mild biliary hyperplasia is present in the peripheral zone. Passive 
congestion is slight. In the necrotic foci and in the portal spaces, various heav- 
ily-parasitized cells are seen, but thej’’ are much less pronounced than in the other 
cases of our series. In this specimen there are but few parasitized cells outside 
the focal lesions. There is a discrete proliferation of connective tissue in the 
portal spaces. 

Case No. 5 — S. R. E. S . — A nine-year-old female mulatto who died on July 24, 
1944, in Joao Alfredo, Pernambuco. 

Clinical daia. The patient’s family moved to Joao Alfredo only a few months 
before her death, hainng preciously lived in the neighboring municipio of Li- 
moeho smee her birth. The child had been weak and anemic since infancy, and 
for a long time had a chronic cough, which had been productive of abundant yel- 
low sputum, and had caused her voice to become hoarse and reedy. Her anemia 
and emaciation became progressive, and by July 1944, her health had become 
seriously impaired. Shortly thereafter she became even worse, developing nau- 
sea, vomiting, and mild afternoon fever. Inguinal, cervical, and axiUary adenitis 
developed, and it is possible that she also had ulcerations of the nasopharjmgeal 
and epiglottis mucosa. During her last two weeks she was in a state of frank 
cachejda, and, as a terminal event, she developed icterus. No information was 
obtained about her parents’ health or the possible existence of other associated 
cases. 

Liver pathology — ^Lab. No. 324925. There is no change in trabecular structure. 
Fatty degeneration is present in the form of medium-sized droplets. In some of 
the lobules there is necrobiosis of cells in the central zone, the nuclei being pyc- 
notic. Small foci of Ijdic necrosis are present, showing Ijmphocytic infiltration 
with fibroblast and Kupffer cell proliferation. There is also lytic necrosis in the 
portal zone, with histiocytic hyperplasia and marked poljmorphonuclear leuko- 
cyte infiltration, thus haidng, not uncommonly, the same appearance as the 
microabscesses seen in pylephlebitis. Diffuse and discrete biliary stasis is 
present. In some cases a mild connective tissue hyperplasia can be seen in the 
portal spaces. Numerous clusters of histoplasma are to be found in the necrotic 
foci, the microabscesses, the portal spaces, and within the reticulo-endothelial 
cells and polymorphonuclear leukocytes. On the contrary they are only sporad- 
ically found in cells other than those comprising the focal lesions. 

SUAIMAnT OF CLINICAL D.ATA 

The conditions under which the epidemiological investigations were carried 
out made it impossible to obtain more than the barest details of climeal history. 
Notwithstanding, certain comments are justified. 

There were three cases with chronic symptoms which lasted for almost a year 
or more. Only Case 1 can be considered as the acute type of histoplasmosis, its 
duration being less than sixty days. 

All of the five victims were children, two boys and three girls, from nineteen 
months to nine yearn of age. Four were colored or mulatto. None received 
adequate medical attention, the diagnosis of histoplasmosis having been estab- 
lished only by histopathological examination of post-mortem liver specimens. 
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On analyzing the clinical data, one is struck by the persistence, in all phases of 
the disease, of three symptoms: anemia, anorexia, and progressive emaciation 
leading to cachexia and death. Two different types of fever were manifest in all 
of the cases: either remittent in the early stages of the disease, or subcontinous 
low-grade fever -adth afternoon rises once the disease process had become fully 
developed. Another frequent symptom was diarrhea, either simple or bloody, 
and occurring at intervals with or without fever. The tj-pical glandular form 
of the disease was seen in the third case of our series. In another case, lesions of 
the epiglottis and nasopharjuigcal mucosa, associated with a chronic pro- 
ductive cough, would indicate that the respiratory tract had been seriously 
invaded. 

We were unable to learn whether hepatomegaly and splenomegaly occurred in 
any of our cases; however, functional involvement of the liver was probably’' pres- 
ent in those which developed cutaneous icterus during the terminal stage. A 
symptom noted in two of the cases is the appearance, a few days before death, 
of purple spots in the skin which might be regarded, since they occurred in chil- 
dren, as a manifestation of toxic purpura. 

SUMMARY OP PATHOLOGICAL DATA \ 

In general, the pathologj' of the liver specimens from our five cases of histo- 
plasmosis corresponds to that which has been previously described bj’’ other 
authors. 

In the first case, the hepatic lesions indicate a typical reticulo-endothelial in- 
flammatory process, similar to that produced by visceral leishmaniasis. 

In the second case, the histiocytic hyperplasia tends to be localized, giving rise 
to true granulomata whose morphological characteristics can be confused with 
those of coccidioidal granuloma (fig. 2). In the three remaining cases, the most 
striking lesion is focal necrosis, occurring concomitantlj"' with reticulo-endo- 
thelial hyperplasia of moderate intensity. The necrosis (fig. 3) is of the lytic 
type similar to that usually produced by infarcts. Two of the cases showed in- 
flammatory and necrotic foci having the appearance of microabscesses (fig. 4). 

Discrete portal fibrosis was a common finding. We noted, in four of the five 
cases, that the infiltrative and proliferative changes were mainly localized around 
the portal spaces. One of the cases had very few lesions elsewhere. This pre- 
dominance of portal-space or periportal lesions has been interpreted, we believe 
correctly, to indicate that the live involvement occurred ^da the portal vein and 
was, therefore, of intestinal origin. It is our opinion, hoivever, that the localiza- 
tion of lesions in the peripheral zone of the liver lobules indicates only that the 
liver was infected secondary to intestinal lesions, and does not warrant the con- 
clusion that the oral route was necessarily the original way of entry. Intestinal 
lesions might come about as the result of a systemic blood-borne infection, or 
more probably, through infection of the respiratory tract with subsequent cough- 
ing up and swallowing of infectious material. 

The parasites seen in the liver sections from all five patients have the morphol- 
ogy characteristic of Histoplasma in tissues; i.e. they appear as rounded, en- 
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Fig. 3. Necrotic Foci Showing Cellular Infiltration and Proliferation with 

Parasites 

Humaa liver, 4th case Hematoxylin-eosin. X130 


cell membrane. Aside from the presence of a vacuole and capsule which is not 
stained by ordinaiy methods, the organism shows no other special structural 
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features and, in general, can easily be distinguished from Leishmania or Toxo- 
plasma. In the cases dcsciubed, they were found for the most part in histiocjdic 
cells, but they also occurred in connective tissue cells and even in the epithelial 



Fig. 4. E.xtensive Infla.mmatorv Reaction in a Portal Space Forming a Pilephlebitic 

Microabscess 

Various histoplasmas can be seen inside histiocytic colls. Human liver, 5th case. Gram- 

Weigert. X300 



Fig. 5. Langhans Type Giant Cell, within a Granuloma, Containing Several Clus- 
ters OF Capsulatb Ybastlike Spores of Histoplasma 
H uman liver, 2nd case. Heidenhaiii. X1200 

cells of the liver. They were also seen vithin the epithelioid and giant cells of 
the granuloma (figs. 5 and 8). 

The parasitized cells, which are generally loaded with histoplasmas, were 
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hyiiertropliic and sometimes nccrobiotic. The organisms were almost always 
intracellular, but on occasions many of them were observed free in the sinusoids 
(fig. 0). It is our impression that the presence of extracellular organisms is due 
to the rupture of heavily parasitized cells. 



Fig. 6. Some AGGi,oMr.RATiox‘' or nisToiM.\sMA.s, ArmREXTiw Free, within the 

Sinusoids 

lluinim liver, 4th case. Giemsa. X1200 



Fig. 7. “Pseudocyst” Resembling Clusters or Histoplasma Located inside a 

Granuloma 

This form can be better distinguished among the clusters situated within the giant cell. 
Human liver, 2nd case. Hematoxylin-eosin. X630. 

A rather rare and curious finding Avas the fonnation of a halo surrounding the 
agglomerations of histoplasmas, particularly in the giant cells. Morphologically 
the formation closely resembled the “pseudocysts” of the Toxoplasma and could 
be distinguished from them only bj’’ differences in internal structure of the ele- 
ments. It is possible that such formations result from the more or less complete 
fusion of individual capsules (fig. 7). 
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In tissue sections the histoplasmas, -with the exception of the capsule, show 
variable affinit}’^ for the basic dyes employed in current staining procedures: i.e., 
hematoxylin-eosin, Masson’s trichromic, Van Gieson, Goodpasture, Gram- 
Weigert, and Giemsa. 

Of practical interest are our observations made with the Krajian (1943) 
Gram-modification and the Foshay (1931) method. Stained by either of these 
techniques, Histoplasma can easily be distinguished from Leishmania. With the 
former, the histoplasmas appear blue-violet or blue-green, while the leishmanias 
are pale red. AVith the Fosha}'^ method, Histoplasma stain blue and Leishmania 
appear mauve. 

The Heidenhain method and most of the silver impregnation techniques bring 
out the Histoplasma capsule veiy cleai’lj'’ (fig. 9). 



Fig. S. Various Groups of Histoplasmas Are Shown Parasiting Connective Tissue 

Cells within a Fibrotic Zone 
Human liver, 3rd case. Krajian. X650 

THE ISOL-ATION OF “HISTOPLASMA CAPSULATUM” FROM A DOMESTIC DOG 

Unsuccessful attempts were made to isolate Histoplasma from the exhumed 
remains of the second and third human patients, and also from a dog which had 
been in close contact with the first patient. Subsequent to the field investigation , 
however, we received three live dogs from the home of patient No. 2. These dogs 
were anemic and emaciated mongrels. Culture and microscopic examination of 
blood specimens taken from them immediately after arrival were negative. 
Several of their fleas were examined, also with negative results. Less than a 
month later, all three animals died of intercurrent Salmonella enlcriiidis infec- 
tion. The autopsies and histopathological examination of material from two of 
them shelved no evidence of histoplasmosis. 

The necropsy on the third dog, however, revealed a liver lUth yellow blotches 
and slight congestion, massive congestion of the small intestine, and splenomeg- 


HISTOPLASMOSIS IX BRAZIL 


285 


aljL The mesenteric lymph nodes ivere slight^ enlarged, and there were small 
areas of consolidation in bases of both lungs. Specimens of the brain, sternal 
bone marrow, right and left lungs, liver, gall bladder, spleen, small and large 
intestine, omentum, and the mesenteric lymph nodes were preserved for future 
stud}'. 

Histopathological examination revealed; the presence of a variable number of 
microfilaria in all of the tissues examined, with the exception of the brain; liver 
abscesses containing filaria; acute enteritis; reticulo-endothelial hyperplasia and 
fibrosis of the spleen and h'mph nodes; leukocytic infiltration, hyperemia, and 
cellular necrosis in the lungs. A few organisms with morphology similar to that 
of Histoplasma were found, occurring in small groups. They were evident only 



Fig. g. H1ST0PLA.SMA Bodies with Capsules Cleably Visible after Silver 

Impregnation 

A slight thickening of the reticular fibers can be observed. Human liver, 1st case. Rio 
Hortega reticular method. XS50. 

in sections of the lungs, being found within the phagocytic cells of the interstitial 
tissue or those in the lumen of the bronchioles (figs. 10 and 11). 

Autopsy material, which had been kept in the refrigerator for a week, ivas 
inoculated into appropriate culture media and also into white mice. The mice 
were injected by the intraperitoneal route vith material which had first been 
treated with a 0.05 per cent copper sulphate saline solution for twenty-four hours 
at room temperature, triturated in a mortar, and suspended in dextrose broth. 
Suspensions were made of tissue from the mesenteric lymph nodes, the spleen, the 
liver, and the lungs. Each mouse received 0.5 ml. of inoculum intraperitoneally. 
Six 21-day-old mice were used for each suspension. The mice were obseiwed for 
about 200 days following inoculation, and were then sacrificed. Nothing abnor- 
mal was revealed by the pathological and microscopical e.xamination of their 
^iscera. 
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Fragments of fresh material from the lung, liver, spleen, and Ijunph nodes vere 
planted on culture media and maintained under aerobic conditions at room tem- 
perature and also at 37°C. The following media were used: Sabouraud’s agar, 
Blood-Sabouraud’s agar, Sabouraud’s copper sulphate (0.05 per cent) agar, and 
laked blood-dextrose broth. All of the tubes and flasks weie observed for a 



Fig. 10 A Cluster or HiSTorL\SMAs Inside a jM^crophage Cell Situated imthin the 

Lung Interstitial Tissue 
Dog with natural infection. Heidenhain XllOO 



* .f* ' 



Fig. 11. A Group op Histoplasma Bodies on Cellular Debris in the LuiMEN of a Bron- 
chiole, Also Infiltratiie Reaction in Neighboring Lung Tissue 
Dog w'lth natural infection. Giemsa X800 

period of one month, and showed, Avith the exception of the copper sulphate 
medium, an abundant gi-owth of Salmonella enteritidis. The identification of 
this organism was performed b 5 ^ biochemical and serological tests. In only one 
tube did a fungus culture appear, this after eight days at room temperature. The 
tube contained Sabouraud-copper sulphate medium on vhich lung mateiial had 
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been planted. Microscopic examination of the organism revealed morpliological 
characteristics consistent with those of H. capsxdatum. A transplant of this 
gro\\ih to Sabourand’s agar was made for mycological sliKh’. The organism was 
designated as “Strain PCTA Dog Lung”. 


TA 6/4/45 



l12 

Fig. 12. “PCTA” Straix of Histopi..\sm.v cap.sci.atc.m Isolated from the Luxg of a 
Dog Associated with the Second Case Described 
Culture in Sabouraud’s agar, 10 days old, at room temperature. Natural size. 

JIYCOLOGIC.AL OBSERVATIOXS 

In Sabouraud’s medium or in serum-de.xtrose agar this fungus began to grow 
after thirty-sLx hours’ cultii’ation at room temperature. After eight da 3 '^s it had 
become well developed, and appeared as a m}’'celial culture, flat, matte-wliite in 
color, and smular to rat’s fur in appearance, tending to spread over the surface 
of the medium to ndiich it had become firml}'' adherent (fig. 12). The raj'^celial 
culture could not be emulsified in saline. On microscopical examination (figs. 13 
and 14) it appeared as a well-developed lyalin mj^celium ivith separate hyphae, 
generally’’ shoeing lateral branches of almost uniform thickness (1 to 3 micra, Avith 
a mean value of 2.20 micra). In some cases the filaments Avere segmented and 
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contained ovoid cells, giving rise to the so-called “racquet” mycelia. The hj^phae 
occasionally showed terminal buds limited a septum slightly thicker than 
usual. These were considered to be chlamydospores in the process of formation. 
Rarely, these structuies were intercalar. Small, spherical or o^"al spores, 1 to 2 



Fig. 13. Chlami oospores in Formation and Conidia. jMycelial Filaments, Septate 

AND 'WITH Lateral Branching 
From the same culture as fig 12. Gueguen stain. X260 



Fig. 14. Appearance of the Smooth Tipe Chlamydospores or “Ascus-like” Cells 
AND Mycelial Growth from the Isolated Strain 
Sabouraud culture 10 days old at room temperature. Gueguen stain. X260 

micra in size, having a simple membrane, were frequently seen around the hyphae. 
These were identified as conidia (fig. 13) and were either attached directly to the 
hyphae or tvere pedicellate. 

Usually free, but at times connected laterally or at the end of an aerial h 3 i)ha, 
were large spores, hatdng a double membrane and, almost alwaj^s, containing a 
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granular endosporo. Sucli spores or(linariI.v measure 5 to 20 micra, M'ith a mean 
value of M.-IO micra, ami are the fully developcfl ehlamydospores or hj^pnospores 
(figs. ]-l to 17). 'riiey increase in number with tlie age of the culture, and, wlien 
tuberculatcd. they arc the characteristic morphological feature of //. capsulahan. 
In our particular strain, the majority of the hypnosiiores were smooth, and the 
tuberculatcd cells, wlien they did occur, were alway,s small (5 to 10 micra). The 
inner portions of some of the hypno.spores were loculated. In 3- to 5-day-old 



Fig. 15. CiiL\Mvno^i’oni;s with Smooth Tvri: Kri.sroiu:, .\.vi) Gn.ANi i-ofs ENUosponn 

riiOM THi: J.'^ohVTKi) Sthm.v 

Culture 10 (liiy.s old at room teniperature. Gueguen stain. X700 


Fig. 16. Smooth Chi.^mydosi.ouhs, O.vi; or Which, with it.s I.v.veh Paht Aemo.st Empty, 
IS PiionAiiiA' r.Niiiair.oiN'G Dkoknihi mo.v 

Tlic lower ecll is seen in inlerealar [lo'-ition on an aerial liyjilin. Saliouraud culture 15 
days old at room temperature. Guegticn stain. XTOO. 



Fig. 17. Smai.h TcncKcriATn CiiiAMY'DOSPonc rnoM the Same Stain 
Sabouraud culture 15 da}’s old at room temperature. Gueguen stain. XIOOO 

cultures it was not uncommon to observe the extrusion of mj’^celial filaments from 
within the body of the hj-pnospore. Evidence of endosporulation was seen on 
rare occasions in old, well-dei'eloped cultures. 

Gtycogen and fat could be demonstrated in the vegetative tubes by the Gue- 
guen method of staining. By this technique the hjpnospores were also shown 
to be rich in fat, and their epispores became heai’ily stained with blue. 

In liquid media the fungus grew initially in single radiating colonies of a yellow- 
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ish-white colour. The mj-celia had relatively few frutification elements. After 
about two weeks of growth, the single colonies agglomerated into a gelatinous 
mass which usually spread out onto the surface of the medium, forming a matte- 
white pellicle with aerial l^hae. Sometimes it formed a sediment, lea^dng a 
clear supernatant fluid. 

All attempts to cultivate the PCTA strain at 37°C. proved unfruitful. The 
fungus grew well, however, at temperature of 25°-30°C. on the following culture 
media having a pH of 7.2 to 7 .4 : Blood-Sabouraud’s agar, Csapek media, dextrose 
broth, and liver infusion broth. 

Numerous unsuccessful attempts have been made to demonstrate pathogenic- 
ity of this strain for white mice. The fungus has also been proven non-pathogenic 
when inoculated intravenousty into a cebus monkey and into guinea pigs by both 
intratesticular and intravenous routes. 

A more detailed comparative study of the strain is in progress, and the results 
will be the subject of a future publication. 

SUaiMARY 

Five cases of “histoplasmosis of Darling” occurring in Brazil are described. 
The diagnosis was based on histopathological examination of human ^^scerotomy 
liver specimens collected between 1939 and 1944 inclusive. The data on the first 
case have been published previously. 

Among a total of 169,808 liver specimens examined, onl}’- these five cases of 
histoplasmosis were found. This would seem to indicate that the disease is not 
frequent in Brazil; but allowance should be made for the inherent limitations of 
viscerotomjA 

The essential histopathological liver lesions in these cases include marked 
reticulo-endothelial hyperplasia, granuloma formation, focal necrosis, and micro- 
abscesses. These have been described by other authors as occurring in this 
disease. 

H. capsulahim. was isolated from the lung of a house dog which had been 
closely associated with one of the human patients. This is the fourth reported 
case of natural histoplasmosis in dogs and, to our knowledge, it is the first canine 
case to be linked directty with a human infection. 

A brief description is given of the morphological and cultural characteristics of 
the newly isolated strain. 
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ORAL EMETIISIE IN THE TREATMENT OF INTESTINAL AMEBIASIS 

A Preliminary Report 

BLISS C. SHRAPNEL,* CARL AI. JOHNSON,! and J. 11. SANDGROUNDJ 

From ihe Gorgas Memorial Laboratory, Itepiihlic of Pajiama, a7id The Medical Service Gorgas 

Hospital, Ancon, Canal Zone 

Emetine, one of the several alkaloids contained in the root of Cephaelis ipeca- 
cuanha, vas first used in the treatment of dysenteiy by Helvetius in 1685 in the 
form of the powdered dried root. Over a hundred j’-ears later Pelletier (1) suc- 
ceeded in separating emetine from the other alkaloids and as such it was success- 
fully employed as a therapeutic agent by Bardsiey in 1829 (2). In 1891 Walsh 
(3) treated cases of dysentery with the mercuric iodide salt of the drug and 
claimed good results. At first, emetine was used in all tjqies of dysentery and as 
a consequence there were man}'’ failures. IMien amebic dysentery ivas estab- 
lished as an entity, the effectiveness of the alkaloid as a therapeutic agent for 
amebic dysenteiy was firmly established. 

Vedder (4) in 1911, published a report covering preliminary experiments 
' undertaken to test the efficacy of the alkaloid, and stated that in dilutions of 1 
to 100,000 it was lethal to the amebae in vitro. Further studies carried out by 
Vedder in 1912 (o) and also in 1914 (6) have gL'en similar results. Most note- 
worthy of the investigations in this particular field have been those of Dobell and 
Laidlaw (7), Dobell, Laidlaw and Bishop (8), St. John (9), and Bonnin and 
Aretas (10). These authors, in agreement with Vedder, have shown bj"^ a variety 
of experimental methods that emetine or its salts have a direct amebacidal action 
which is effective in very high dilutions (1 to 1,000,000 to 1 to 5,000,000). 

Due to its powerful emetic action the oral administration of emetine has been 
unsatisfactory. Rogers (11) advocated the subcutaneous admioistration of the 
hydrochloride salt to avoid the nausea and vomiting caused by preparations of 
emetine taken orally. There was an immediate widespread acceptance of this 
method of therapy and in general, the results have justified the continued use of 
the drug. Unfortimately, treatment noth emetine parenterally is not Mthout 
its dangers. Clinical experience, autopsy findings, and animal experimentation 
have shown emetine to be a toxic drug when administered by hypodermic injec- 
tion, (12), (13), (14). 

Because of the toxicity of subcutaneous emetine, its therapeutic dosage has 
been limited. Craig (15) states that the amount which can be safely given is, 
in the majority of cases, insufficient to permanently eradicate the parasite. 
Therefore, it is used as an adjuvant with other drugs such as chiniofon, carbarsone, 

* Captain, Medical Corps, AUS, Gorgas Hospital. 

t Assistant Director and Protozoologist, Gorgas Memorial Laboratory. 

t Director, Biological Division, Eli Lilly Company. 

The authors are indebted to Lt. Col. M. .A. Hardgrove, Chief, Medical Service, Gorgas 
Hospital, for valuable assistance rendered in this study. 
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etc. It is still the drug of choice .in the management of extra-intestinal ame- 
biasis. 

Since emetine has a powerful amebacidal action it is surprising that more atten- 
tion has not been given to the possibilities of developing this drug in a form for 
oral use. A few attempts have been made to cover the drug with salol, or a 
keratin coating, in order to resist the action of the digestive juices and permit 
release of the drug lower in the bowel, or combining the salt with other drugs in 
an attempt to lessen the emetic properties. The currently available forms such 
as emetine bismuth iodide, emetine antunon}'- iodide, etc., still cause salivation, 
nausea, and vomiting, and on the whole have not been successful. 

In July, 1943, a small quantity of emetine hydrochloride in “enteric-sealed” 
tablets^ was obtained. The tablets were designed to release their contents from 
3 to 4 hours after ingestion and thus allow the drug to be freed in the lower bowel 
and avoid the irritating effects on the stomach. 

PROCEDURE AND MATERIAL 

This study is a report of the investigation of the first 20 patients in which the 
“enteric-sealed” oral preparation of emetine hydrochloride had been used for the 
treatment of intestinal amebiasis. Included in this group of patients are Latin 
Americans, British West Indians, and North Americans, of both sexes, and of age 
groups from 2 to 56 years. Each patient was proven to harbor Endamcha Ms- 
iolyiica before treatment was instituted, and all were under the complete care, as 
hospital patients, of the senior author (B. S.) during the coui-se of treatment. 
The following routine was established: 

(1) DailystoolexammationsbjmneofusCC. J. orB. S.)foramebae. Smears 
following saline purges and culture methods were not used for these, but were 
used in the re-examination studies. Practicallj’- all cases, however, harbored 
other intestinal parasites, and were given purges and anthelminthies following 
the emetine treatment. The opportunity of using these stool specimens in 
searching for amebae, was not neglected. 

(2) Daily culture of stools for micro-organisms. 

(3) Daily urinalysis. 

(4) Dailj' blood pressure reading. 

(5) Complete blood count e%'ery third day. 

(6) Electrocardiogram everj' third day, except on infants. 

(7) Proctoscopic examination before and after treatment. 

(S) Accurate count of number of stools passed per day. 

(9) -*U1 individuals were examined on daih' rounds for any signs of toxicity and 
closely questioned for an,v sraiptoms of vomiting, diarrhea, abdominal pains, 
malaise, or neuritides. 

At the time this investigation began, no specific data were at hand relative to 
the amount of emetine absorption which might occur from the intestine. Tiie 
therapeutic and the toxic dosage of the oral preparation wore unkno^vn. 

‘Emetine hj'drochloride "Ensenls” (Entcric-Scnlcd T.".b1cts, Lilly). T.uch t.'ibl'’! con- 
tainini; i prain of the !\lk!iloid. 
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Analysis of results following 1 grain daily for 12 days 

Inasmuch as one grain a day for 12 days had been used at Gorgas Hospital as 
the maximal dose in the parenteral method of administration, a similar amount 
was given by mouth in the first 7 cases. (See table 1). The patients received 1 ■ 
tablet of -3- grain of emetine h3"drochloride, orall}’-, three times a day for 12 days. 

No serious toxic effects were noted in these patients. The pulse rates, blood 
pressures, urinalyses, blood counts, electrocardiograms, aU remained within 
normal limits. The blood picture in cases with anemia usually improved. One 
patient vomited once, and another vomited twice. The vomiting was abrupt 
and sudden, not accompanied by nausea or abdominal cramps. The drug was 
continued without any increase in this sjTnptom. These isolated vomiting spells 
were unexplained untU it was noted that one of the tablets in a bottle had lost part 
of its covering. No further vomiting occurred after discarding broken tablets. 

A mild, non-bloody diarrhea of 3 to 5 stools per day occurred in a few cases, but 
no tenesmus or abdominal cramps were noted. One patient’s (2) stools became 
entirely negative for amebae after 2 dajm of treatment but showed trophozoites 
and cj^sts nine days after the completion of treatment, and before being dis- 
charged from the hospital. This was the only immediate failure on this dosage. 
He was successfully given another course of one grain per day for 12 days, at an 
interval of 13 days from the original treatment. The stools became negative for 
amebae in 2 days. Re-examination in one month, and six months, showed no 
Endameba histolytica. 

Analysis of results following 2 grains daily for 6 days 

Encouraged by these results the drug dosage was doubled and the number of 
daj’^s halved. This dosage was used in 6 cases (see table 2). The patients thus 
received 2 tablets of ^ grain each, three times a day, for 6 days. No serious toxic 
reactions were noted in this series. Vomiting occurred in two cases (8), (9). 
Neither complained of abdominal cramps or nausea. There was one immediate 
failure in this series (12). Endameba histolytica cysts were found 6 days after 
completion of treatment, and he was immediate^ given a second course of the 
drug, which was successful, and no toxic symptoms were manifested. There was 
one delayed failure (13) in which E. histolytica was found by culture one month 
after treatment. There had been no symptoms in the interim and the patient 
had gained 5 pounds. When another similar course of emetine was given the 
parasites disappeared in 4 days. 

Analysis of results following larger doses 

Three cases were given varying dosages. (See table 3.) Case 16 was the only 
case in the entire series of twenty whose stools remained persistently positive for 
E. histolytica trophozoites. This patient was given 1 grain per day for 15 days, 
then 2 grains daily for 4 days, or a total of 23 grains, in 19 days, after which heal- 
ing of the rectal lesions occurred, and there was complete relief of sj^mptoms. 
She requested discharge for personal reasons but returned 3 months later. At 
this'time amebic rectal ulcerations were again found and she was given treatment 
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of 2 grains daily for 8 days. The stools became negative by smear and culture in 
5 days, and the rectal ulcerations disappeared. 

Analysis of res7ilis in infants and children 

There were 4 infants and children in this series (see table 4) . These were given 
much smaller doses than adults. There was one delayed failure in this group. 
This child (19), with severe amebic d 5 '-sentery, was given 1 tablet (| grain) daily 
for 9 days, a total of 3 grains. Complete relief of symptoms was obtained, but a 
re-examination in 3 months demonstrated E. histolytica trophozoites. He was 
then given 2 tablets a day (| grain), for 15 days, a total of 10 grains, without 
manifesting toxic symptoms. 

Results of re-examinations of patients 

We were able to re-examine 18 of the 20 cases in from one to seven months fol- 
lowing the original treatment. Three of these were examined as outpatients, and 
only stool examinations were done, using direct smear and culture methods. The 
remaining 15 cases were re-admitted as hospital patients and subjected to com- 
plete studies. Three direct smears from each of several normally passed stools 
were first studied. If these were negative, a saline purged stool was obtained, and 
three smears from each of several specimens of this stool were carefully examined 
microscopically. Daily cultures, at least one of which was from the saline 
purged stool, were taken on St. Johns medium as described in Craig (15). All 
patients except the infants, had a proctoscopic examination. Any case m which 
either cysts or trophozoites of Endameha histolytica were foimd, was considered 
a failure, disregarding the presence or absence of symptoms, or the time since the 
original treatment. 

It is mteresting to note that although 5 of these 20 patients were not cured from 
a parasitological standpoint, 4 of them became symptom-free, and remained so, 
since the original treatment. One case (19) had a history of “occasional diarrhea, 
poor appetite” for one month prior to admission for re-examination, which was 
done 3 months following the original treatment. 

niscussioN 

The present series of cases is small but some preliminary conclusions can be 
drawn from the results obtained. Oral emetine therapy (with "enteric-sealed” 
tablets) for intestinal amebiasis desen’’es further study. Reed (16) states that 
“emetine is a powerful, dangerous, and valuable remedy whose complete action is 
not known.” The results obtained in our preliminary'^ study indicate that when 
used as described in this series, it is not dangerous. When given parenterally, or 
in a form which permits rapid absorption from the stomach or upper intestinal 
tract, it may’’ be a toxic substance. In our patients, when the drug was given in 
such a form that it theoretically reached the distal portion of the small intestine 
or the colon before being liberated, no serious toxic reactions were noted. 

The presence of the alkaloid in the upper intestinal tract is usually attended by 
nausea and vomiting. A few of the patients in this series experienced vomiting. 
This symptom occurred only once or twice during the course of treatment. It 
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•was probably caused by the use of chipped tablets, which allowed the emetine to 
be released in the stomach or upper intestinal tract. The mild diarrhea which 
appeared in some cases during the treatment was not considered as an indication 
for •withdrawing the drug. 


S^DMMART 

In a preliminary study of 20 cases of intestinal amebiasis due to Endameba 
histolytica, including both acute and chronic forms, treated •wi^th emetine hydro- 
chloride enteric-sealed tablets orally, encouraging results were obtained in 15 
patients in a short period of time. These patients have been observed over 
periods of time ranging from one to seven months. None of the usual serious 
toxic reactions associated •with the parenteral administration of emetine were 
noted. Results were judged on the basis of chnical improvement, healiug of the 
bowel as observed by proctoscopic examination, and the disappearance of the 
amebae m microscopic studies and cultures of the stools. No recommendations 
as to the optimum dosage for the treatment of iutestinal amebiasis "with the oral 
emetine preparation used in this study can be given at this time. Further evalu- 
ation of this preparation is now in progress. 
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PRF.LIMIXAKY RFrOHT <.»X THE I-:VA!>UATIOX OF PEXICILLIX IX 
Till-: TRlCATMEX'r OF VA\V.^‘ 

JAMKS H. P\YlXDi:iXi:.» CUAHLr-;^ U. Ui;ix,< THOMAS H. STKUXUHIIG,* .\m> 

ALIUCHT J. S5H:1J)0X’ 

m:vjrAv or t.iTKiiATi Hr 

The roeent dcveiopmenf of penicillin thempy itj early sypliilis ^upc^csted the 
poAdbiliiy that thi< <lni}t inipjit play n eimilnr role in the treat mctit, of yaws, a 
closely relntcti {Tfiroche.cfa! diss'nse, A few reports in (he literature tend to hear 
this out. Whitehill and Ausiriatj (HH-l, 19 Jo) niporttnl the trx'atmcnt of -11 orvFe.s 
of prim.ary and secondary yaws nmoni; I'ijians. 'J'lu'y used total dosc-s of ap- 
proximately 509,000 O.vfonl I'nit.-^ of pfuiicillin in aqueous solution, giving 15,000 
O. U. intnimusculnrly every fossr hours for five or .six driy.s. Dark-field examina- 
tions br'came neg.ative in 1C> hours .after treatment, ami most le.sion.s healed in one 
week. Xo cases wen' nmdomd jM'rmanently .sero-neg.ativn with the Kahn test 
within 20 v.wk.s, the c.vtent of their follow-uj) period at (he time of publication. 
Lofgnm (lOJ i) reported the tnaitment of a white .sailor who had contracted yn\vn 
on American Famo.a. He ti.sed a total <iose of 1,509,090 0. U. of penicillin in 
acjueous .solution over 12 liay.s. 'fhe dark-field examination became negative in 
IS hours. All secondary le.-ions he.aled in five dn\>- and the primary lesion, wiiich 
had been ulcerated, in 13 day.s. The Kahn te.st hcTame negative five weeks after 
treatment, da Cunha. Dcao. Guimam.s and Cardoso (19M) treated .ceven cases 
of yaw.s in Rrar.iI with total dose.s of 9,000-52,000 0. U. of penicillin and obtained 
clinical cures in 12 to -M day.s. They .‘:(a(ed that .serologic reactions (Was-scr- 

* CooiX'rntivo rc.^c.-irch project of the Division of Ilc.'ilth .'itui Sanitation, Ofiicc of Intcr- 
Atncrican AfTnirs; l’re%Tntivo Medicine Ferviee, OHire of tiie Siirpeon General, U. S. Army; 
Divi.xion.s of Serolop.v and Para.eitolopa*, .Army Medical Ca nter; and the Government of the 
Republic of Il.aiti. Tiie .Vulhorf wish to ncknov.-lcdpe the aid and cooperation of Brigadier 
General J.amc.® S. Siininon.>:, USA, Chief, Preventive Medicine Sera'icc, Ofiicc of (ho Surgeon 
General; Brigadier General George H. C.allender, U.SA, Director, Army Mcdic.al School, 
•Army Mcdic.al Center; Colonel John D. Vcaglcy, MC, .AUS, Director, Division of Health 
.and Sanitation, Office of Inter-American Affairs; IJr. J. E. Moore, Johns Hopkins Hospital; 
Drs. Roger S.aint-Victor and Edie I/cmoin, Amcriran Satiitary Mission (representative of 
the Ofiicc of Inter-Amcrienu Affairs), Haiti ; Dr. Edouard A. Pelrut? and Mr. Georges Milfort, 
General IIo.opU.nlLaboratory,irnifi;M.ajor Arthur C. Allen, MC, .AUS, Arm 3 ' Institute of 
Pathology’; and Felix V. Jc.an-Ix>uis, American Sanit.arj’ Mis.sjon Haiti. 

Read at the annual Meeting of the American Socictj' of Tropical Medicine at Cincinnati, 
Ohio, Xovcnibcr 11, 10 !5. 

* Lt. Col. M.C., A.U.S., Chief of Field Party, American Sanitary Mission (representative 
of the Ofiicc of Inter-American .Affairs), Port-au-Prince, Haiti. 

’ Lt. Col, M.C., A.U.S., Formcrlj' Chief, Divi.sion of Scrologj', Armj' Medical School, 
Arm}' A led i cal Center, Washington, D. C. 

* Lt. Col. M.C., A.U.S., Chief, Venereal Discjise Control Dia-ision, Preventive Medicine 
Sora'ico, Office of the Surgeon General, U. S. Army, Washington, D. C. 

‘Maj. M.C., A.U.S., Chief, Helminthology Section, Division of Parasitology, Army 
Mcdic.al School, Arm}' Medical Center, Washington, D, C. 
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mann test) became negative 60 days after treatment in all cases, da Cunha and 
Leao (1945) treated an additional five cases in Brazil with similar results. Find- 
lay, Bdll and Macpherson (1944) reported the treatment of 24 cases of yaws in 
children in Africa nith 50,000-100,000 0. U. of penicillin in aqueous solution over 
a period of 12 to 24 hours. Clinical cures were obtained in six to seven days. 
Reversal of the Kahn test in two of the primary cases was attained in seven da}^. 
In two of the secondary cases the Kahn test remained positive after six weeks. 
Tompsett and Kauer (1945) reported five cases of yaws among Melanesians on 
New Guinea treated with a total dose of 250,000-400,000 0. XJ. of penicillin in 
aqueous solution over a period of two to four days. The dark-field examinations 
became negative in 24 hours, and the lesion healed in one to tlnee weeks. No 
serologic tests were done after treatment. 

TABLE 1 


Age distribution of and total amount of ■penicillin given to yaws patients 


AGE GROtTPS 

5 YEARS 
AND UNDER i 

6-12 

YEARS 

13-16 

YEARS 

17 YEARS 
AND OVER 

total 

Series A 

Total dosage penicillin in 4 days . 

13 

1,200,000 
0. U. 

60 

1,200,000 j 

0. u. 

1 

41 

1,200,000 
0. U. 

86 

1,200,000 
0. U. 

200 

Series B 

Total dosage penicillin in 2 days . 

0 

74 

600,000 
0. U. 

27 

900,000 
0. U. 

50 

1,200,000 
0. U. 

151 

Series C 

Total dosage penicillin in 1 day . . 

0 

1 56 

600,000 

0. U. 

35 

900,000 

0. U. 

5S 

1,200,000 

0. U. 

149 

Total Number Patients 

13 

190 

103 

194 

500 


The foregoing survey of the literature would seem to indicate that the use of 
penicillin in the treatment of j'^aws invariably resulted in complete clinical cure, 
even in relatively small doses. On the other hand, only a few of the cases were 
observed to attain sero-negathity vdth the Kahn or Wassermann test after treat- 
ment. Therefore, the value of penicillin in the treatment of yaws has not been 
definitely established. 


MATERIALS AND JIETHODS 

The present paper constitutes a preliminary report on the treatment of 500 
patients vith primary and secondar 5 ’- jmws infections in Haiti vdth penicillin. 
The patients were divided into three series as f ollon^ : 

Series A. Two-hundred patients were hospitalized and given a total of 
1,200,000 O. U. of penicillin sodium in aqueous solution each over a period of four 
days. They received 30 intramuscular injections of 40,000 0. TJ. each, one every 
three hours day and night. All patients received the same total dose, regardless 
of age. The age distribution of the patients is given in table 1 . 
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Series B. One hundred iitul fifly-nno jiatients were treated on a two-day am- 
bnlatoty basis with penicillin adeiiim in jx’enmt oil with -l.S jier cent beeswax by 
weiqht \,303.OD0 O. l\ per ee.b 'I'lie d<!s:ice was }rra<led down for children on 
tlu' basi« of ace and apjwoxiinato weipht. The ape distribution of the jiaticnts 
awl the total amount of jy-nicillin ndminlsteml are piven in table 1. Children 
six to 12 years of ape u'ceived (iOO.OOO 0. U.; iwlit'nts from 13 to 10 3 Tars of age, 
0(K1,00D 6. 1’.; and tbo^e 17 j-enrs old and over, 1,200,000 0. U. The dnig was 
given l\v intramuscular injections in dividwl dost>s 21 horns apart. 

fk^ries C. One hundred and forty-nine additional patients wem treated on a 
one-<la 3 ' ambnlatora’ basis with penicillin calcium in oil with beeswax. 3'he dos- 
•ace was .aptiin gnided dowm for cbildren. The ape tli'-tribntiosi of the patients 
and the total amio\mt of penicillin admini‘'tered are given in table 1. Children 
six to 12 \Tars of ape reeoive<l 000,000 O. II.; patients from 13 to 10 vear.s of age, 
OtVbOOO O. II.; and those 17 jvars old and over. 1,200,000 O. U. The drug was 
given l\v intramuscular ityoctions in <livitle<l <hees 10 to 12 hom-s ajiart. 

Pj>eci:d medic-il hi'^tories wore taben on eacli patient prior In treatment. Em- 
phasis was placed on exact location of home, previous histor.v of \‘aw.s, age of on- 
set. location and dnnitinn of primarx’ and sacondarx* le.'.-ions, previous treatment, 
and presence of 3 *aws in other memhers of the famil.v. If other members of the 
familx* xverc infected the patient xvastjrged to bring them in for treatment so that 
thex’ would not serx'c as fori of reinfection. Phxvical ex.amination was lirnitc<l to 
elo'O obwrx'ation of the .ehin and mtjro-culaneous borders. Prior to treatment 
20 cc. of blood was taken from each patient for a battery of serologic tests (Ixline 
Di.agno'^tie, Kline Exclurion, Slido-Flncctilatioti T'esl employing cardio-lipin an- 
tigen, Marzini, Quantitative Kahn and Quantitative Kolmer). The blood was 
permitted to clot and was refrigerated in mo-st instances for x’ariablc lengths of 
time up to one we<‘k. It was then centrifugMl, and the i^nim was draxni off. 
The scnim was placed in x-ials containing powdered meilhiolate (1 mg. per cc. of 
scrum) and .shipped bx' air to the Divi.sion of Scrologx’, Armx* Medical School, 
Armx' Medical Center, 'Washington, D. C. The specimens arrix'cd in excellent 
condition. Txiss than one per cent xvero unsatisfactorj’ for test ing. 

The combination of clinical and serologic examinations xvas considered to be 
sufiiciont to establish the diagnosis of j'nws. Further confirmation of diagnosis 
xvas obtained on one group of 2G patients in Series A on whom dark-field micro- 
scope examinations of senim from lesions xvcrc made. All were found positive 
for spirochaetes. 

Considerable difficultx’^ xvas and is being experienced in getting the patients to 
return for folloxx'-up clinical observations and blood for serologic tests. Upon 
discharge from tlie hospital or clinic each patient xx’as gix’cn an indix'idual talk 
e.xplaining the importance of follow-up obsen'ations. In addition, each patient 
xvas given a small printed card xrith his or lier name, number, date and place of re- 
turn. With regard to the latter, the patients xx’crc instnictcd to return to one of 
the yaxvs clinics or to the hospital, xvliiohever xx'as most convenient. Since most 
patients had to trax'cl long distances by foot each of them was given 10 cents 
(gold) for tlie purchase of food. "Bfiien patients did not retum on their scheduled 
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day, doctors and aides were sent out on horse-back from the nearest clinic to their 
homes. If the delinquent patients could not be located a letter was sent to the 
Chief of Section in which they lived asking his cooperation in getting the patients 
to a clinic. Tliis system has been fairly successful, as indicated by the following 
figures for follow-up observations. 

Series A 1 month 82.5% 

2 months 79.0% 

3 months 72.0% 

4 months 68.5% 

5 months 78.0% 

t 6 months 84.5% 


Series B 3 months 59.6% 

Series C ' 3 months 65.8% 

1 


Monthly follow-up observations wall be continued on patients in Series A for 
a minimum of one year. Patients in Series B and C will be followed at three 
months intervals over the same period. 

RESULTS OF TREATMENT 

The clinical improvement of the treated patients in Series A was rapid and 
remarkable. Joint pains disappeared in 24 to 48 hours; plantar and palmar 
“crab” lesions became painless in 48 to 72 hours. Both primary and secondary 
lesions began to dry up in 24 hours. Epithelium grew in from the periphery and 
completely covered most lesions in tliree or four days. The great majority of 
patients who returned for observation one month after treatment showed com- 
plete healing of all lesions. A few ulcerated primary lesions with secondary bac- 
terial infections were still draining pus at this time. Most of these healed spon- 
taneously between the first and second month after treatment. Since patients 
in Series B and C were treated on an ambulatory basis, it was not possible to fol- 
low their immediate clinical courses. However, when these patients were seen 
three months after treatment, their first follow-up period, they showed complete 
healing of all lesions in most instances. Tliree of the patients had ulcerated pri- 
mary lesions which were still di-aining pus. 

Only 10 of the 169 patients in Series A followed for six months developed sus- 
picious skin lesions after treatment. "Whenever possible dark-field examinations 
were made of the lesions. The majority of the lesions were diagnosed as pyo- 
dermia. No primary lesions indicating re-infection were observed. Two pa- 
tients developed painful dry plantar lesions which were tentatively diagnosed as 
“crab” lesions, indicating relapses. Dark-field examinations were not done on 
these lesions. 

One patient in Series B developed painful dry plantar lesions three months after 
treatment. Here again a tentative diagnosis of relapse was made. One other 
patient in Series B developed a large lesion resembling typical primary ya^^’S 
three months after treatment. Dark-field examination of this lesion was nega- 
tive. The possibilitj' that this may be a case of re-infection is being considered. 
Further obsen'^ations must be made before a conception of relapse and re-infection 
rates can be formulated. 
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With regard to serologic observations, only three of the 600 patients examined . 
vere negative vdth the Kahn test prior to treatment. Of these, two showed some 
e^ddence of sero-positivity with one or more of the other five tests done. Three 
months after treatment 98 per cent of the patients in Series A showed definite 
evidence of reduction in serologic titer (Graph 1). Most of the cases showed a 
four-fold reduction in titer at this time. For example, if the degree of positivity 
was 128 Kahn units prior to the institution of therapy, it had dropped to 32 units 
at the end of three months. At the end of sLx months only 17 patients, or 10 
per cent, in Series A had attained sero-negathdty vdth the Kahn test. With very 
few exceptions the remaining patients showed a further slight reduction in sero- 
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logic titer as compared with their status at three months post-treatment. Pa- 
tients in Series B and C showed a similar four-fold reduction in serologic titer at 
the end of three months. Only one patient had attained sero-negativity with the 
Kahn test at this time. 

The other tests employed in the sero-diagnostic battery were somewhat more 
sensitive than the Kahn and gave higher titered reactions, but the general pat- 
tern and the amount of serologic improvement was similar in all tests. With 
reference to the four patients who developed lesions suggestive of clinical relapse 
or re-infection after treatment, nothing was found in the serologic pattern of these 
patients that differed from the other patients in the three Series. None of them 
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flowed a serologic relapse prior to the development of cutaneous manifestations 
as has been observed in patients -who have received penicillin therapy for syphilis. 
In the latter cases there has usually been a serologic relapse evident at about one 
month prior to the clinical relapse. The serologic data available at present does 
not lend support to the tentative clinical diagnosis of relapse in the cases under 
consideration. 


PATHOLOGIC STUDIES 

Dark-field examinations were made and biopsies taken on 10 patients in Series 
A Avith secondary lesions at tivo-hour intervals after treatment Avas instituted. 
The dark-field examinations became negative in eight to 12 hours, by AA'hich time 
the patients had receiAmd 120,000-160,000 O. U. of penicillin. Sections made 
from the biopsy material stained by the Warthens-Starrj’^ technique showed nu- 
merous spirochaetes up to 12 hours. Subsequently only occasional isolated ones 
Avere found up to 22 hours iind none thereafter. 

Histologic sections of secondary lesions taken prior to treatment showed the 
crusts and epidermis to be densely infiltrated with pol 3 Tnorphonuclear leukocytes. 
There Avere large numbers of kpirochaetes in the epidermis and a few in the sub- 
epidermal papillary layer. The corium shcAA-^ed heavy infiltration Avdth plasma 
cells and scattered foci of eosinophiles. The papillary layer AA’^as edematous. 
Twenty-four to 48 hours foUoAAung treatment the crust became smaller, the proc- 
ess changing from parakeratosis to hyperkeratosis. The edema in the papillary 
layer gradually diminished and became replaced by collogen. These changes 
Avere nearly complete by the fifth day when treatment was terminated. Hou’- 
ever, the dense infiltration of plasma cells and eosinophiles in the corium per- 
sisted up to this time. • 


TOXIC REACTIONS 

No severe toxic reactions Avere encountered. Approximately one-half of the 
patients in Series A had a rise in temperature to 100‘’-104°F. two to eight hours 
after treatment was started. All temperatures gradually returned to normal in 
10 to 12 hours. Approximately one-fifth of the patients shoAved a brief secondary 
elevation of temperature on the third, fourth and fifth days of treatment. This 
febrile t 3 ipe of Herxheimer reaction would seem to indicate that penicillin had 
killed large numbers of spirochaetes. Temperatures were not taken on patients 
in Series B and C. 


DISCUSSION 

Although the clinical response to penicillin therapy Avas excellent and compar- 
able in the three Series of yaws patients and comparable to that observed in a 
group of patients Avith early active S3q)hilis, the serologic response was strikingly 
different. Whereas one would expect a serologic reversal of 70 to 80 per cent® 

' Dr. J. E. Moore, personal commuiiication. Penicillin Panel of the Subcommittee on 
Venereal Diseases of the National Research Council. 
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at the end of six months in a group, of patients with early syphilis who had re- 
ceived a similar amount of penicillin therapy, it should be pointed out that only 
10 per cent of the patients in Series A attained sero-negathdty in the same period 
of time. Indications at the present time are that onl 3 '' a few more will turn sero- 
negative at the end of 12 months. In this connection it is interestmg to note that 
Chambers (1938, 1944 a and b) reported that 25 per cent of 411 yaws patients 
treated with four to sLx weeklj’- injections of neoarsphenamine turned negative 
with the Wassermann test sue months after treatment, 44 per cent 12 months 
after treatment, 59 per cent 18 months after treatment, and 68.4 per cent 24 
months after treatment. He reported similar results on 143 cases treated with 
four to six weeklj’’ injections of bismuth. 

From Table 1 it will be seen that 73 of the patients in Series A were children 
tmder 12 years of age. These patients received the same amount of penicillin 
as the adults, namely 1,200,000 0. XT. over four days. It is significant that al- 
though the majority of these children received as much as five times more peni- 
cillin in proportion to body weight than adults, the serologic response was in no 
way different from that of the adults. This would seem to indicate that the 
amount of penicillin beyond a certain minimum was not the essential factor in 
producing serologic cures. 

It is possible that some of the patients may have had false positive serologic 
tests due to malaria and true positives due to concomitant syphilitic infection. 
The former seems unhkelj’’ since experience has indicated that false positive Kahn 
tests in patients with malaria persist only about four weeks after a clinical 
paroxysm. None of the patients had acute malaria at the time of treatment. 
Furthermore, there was verj’’ little fluctuation of the serologic titers in these pa- 
tients as would have probably been the case if many false positive reactions had 
occurred. As regards sjT)hilis, care was taken to exclude cases in which there 
w'as any question of the diagnosis of yaws clinically. However, it is likely that 
some errors in diagnosis were made. Fortunately, the incidence of syphilis in 
rural Haiti from w'hich the great majority of the patients were drawn is low, 
being estimated by local authorities at about five per cent. 

SUMMARY 

In summary it may be said that penicillin holds definite promise as a therapeu- 
tic agent m yaws. Its use in doses of 1,200,000 0. U. in adults and proportionate 
doses for children given over periods ’of four, two and one days respectively re- 
sulted in rapid climeal cures. The serologic response w'as not as striking as the 
clinical, but until more follow-up figures are obtained a full evaluation is not 
possible. The oil-beeswax preparation of penicillin made it possible to treat 
patients on an ambulatorj’- basis over one and two daj's with the same dose of 
penicillin given in aqueous solution to hospitalized patients over four days. The 
immediate clinical and serologic results obtained with penicillin in oil \vith bees- 
wax appeared to be as good as those of the aqueous solution. The development 
of a successful one-day treatment schedule would be of great practical value in a 
countrj’' such as Haiti where large numbers of patients must be treated on an 
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ambulatory basis in rural clinics. A report on 12 months follow-up observations 
will be made at a later date. 
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A CASE IN WHICH EGGS OF SCHISTOSOMA JAPONICUM ^YE^R'E 
DEMONSTRATED IN MULTIPLE SKIN LESIONS 

HARRIS M. FISHBONE 

The individual in this case, a Sergeant in the U. S. Army, was stationed on the 
island of Leyte in the Philippines from about November 25, 1944 to December 10, 
1944. IMule there, he bathed in a slow-running stream. Snails were noted 
along the banks and nati^’e villages bordered the river. 

About December 16 he noted angioneurotic swellings which appeared first 
about both eyes and then involved the entire face. This lasted three daj'-s and 
was associated with chills and fever. The temperature ranged from 100° to 
103°F. The fever lasted for two weeks and was followed bj’’ a diy nocturnal 
cough which persisted for three weeks. With the jjjTexia, the patient e.xpe- 
rienced weakness and anorexia. 

At the same time that the cough appeared, about Januaiy 1, 1945, grouped 
pruritic papules developed on the right subchondral wall. A similar small cluster 
developed on the right side of the scrotal sac, but disappeared after four daj''s. 
The rash began extending slowly toward the left abdominal wall, axilla and left 
side of the back, seemingly in an intercostal distribution. The lesions were in- 
filtrath^e, shotty papules and tended to be grouped. 

The individual was hospitalized on Fcbruaiy 4, as several cases of schistosomia- 
sis had been found in his organization. A positive stool examination for Schisio- 
sorna japonician ova was obtained on February 7, 1945. Physical examination 
on February 14 revealed nothing significant except for the dermatitis. X-ray 
examination of the chest revealed no abnormalities. The WBC count was 8400, 
with 15 per cent eosinophils. The sedimentation mte was 19 nmi. per hour. 

The rash was herpetiform onlj’’ in distribution and grouping, and was found in 
the region of the 8th intercostal space. The lesions were not vesicular. On the 
anterior abdominal Avail were single hard, shotty pajAxiles, A\-ith a red areola and 
white fibrotic center, but the characteristic lesion Avas that of grouped or coalesced 
infiltratNe papules. These A\'ere probably older lesions. The back showed 
lesions of a similar stage. Of these, there Avere feAver of the Avhite fibrotic type 
and more of the early reddened grouped infiltrative papules, Avith an occasional 
one shoAA’ing a minute purulent center (figures 1 to 4). The few papules having 
a pustular center AA’ere aspirated. T3^pical oA'-a of ScMsioso77ia japoniemn, some 
shoAA-ing viable miracidia and others in A'-arious stages of degeneration, AA'ere found 
in the purulent material. The clinicallj’- actNe lesions contained more of the 
viable ova than did the less actiA'e sites. 

PATHOLOGIC.\n KEPOnl'S 

(Provided bj' h'lajor Joseph H. Bragdon, MC) 

Biopsy of abdominal ^vall: (15 Februaiy 1945). “The specimen consists of an 
elliptical fragment of skin 2.5 cm. long and up to 1.5 cm. Avide. The epithelium 

* Major, M.C., A.U.S. 
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is everjnvhcre intact, but tliere is a central papular elevation 6-7 nim. in diameter. 
The corium underlying this area appears firm and thickened. i\ricroscopic sec- 
tions taken at intervals through the block siiow scattered foci of inflammation 
in the corium. In each such area there arc schistosoma ova. IMost of the 
ova are markedly distorted and for the most ])art the shells remain empty. 
No evidence of an adult fluke is found. The ova are all surrounded by ne- 
crotic cellular debris. The inflammatory reaction is characterized bj’’ necrosis, 



Fig. 5. Ova in SM.^terial .Aspirated from .v Pustular Lesion 


by a rather heavy infiltration of poljmrorphonuclears, Ijnnphocjdes, histiocytes, 
and eosinopliils. Fibroblastic proliferation is not a prominent feature. In no 
site can anj"- relationship to a blood vessel be established. 

Biopsy of back: (8 March 1945). ‘’Microscopic sections shoiv much the same 
picture as that previousb’^ described. The ova are, hoivever, much better pre- 
served and the contained miracidia are well stained. (In this case an eftoil 
urns made to biopsy a fresh lesion, and the tissue was fi.vod in formalin rather 
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than Zenker’s fluid, as in the first case.) The histologj’’ differs in no essential 
Avay from that described above, except lhat the cosinopliilic infiltration is more 
prominent.”. 

Course 

A 40 cc. course of Fuadin was started Februaiy 17 and completed Blarch 3. 
During the course of treatment new lesions developed, with spreading to the 



Fig. 6. Biopsy Section Showing Thkee Ova 


right upper back. On March 13, ten daj’-s after completion of this course, the 
last new skin lesion containing ova rrith active rairacidia was found. The '\¥BC 
count was 10250, with 10 per cent eosinophils. The sedimentation rate was 14 
mm. per hour. Stools w'ere positive for S. japonicuin, ova. 

A second course of Fuadin was given from March 23 to April 5. On the last 
observation of this patient (April 19), the skin lesions appeared as small white, 
flat, fibrotic papules. Physical examination revealed no abnormal findings. 
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Neither liver nor spleen was palpable. Proctoscopy’- was negative for schistosome 
nodules. The WBC vas 9850, with 9 per cent eosinophils. The sedimentation 
rate vas 13 mm. per hour. Stools remained positive for suable Schisiosoma 
japomci(?ti ova. 


COMIMENT 

ScJnsiosoma japonicuvi has a prediliction for the portal system. In a small 
percentage of cases observed, diffuse lung infiltration was noted in X-ray’s taken 



Pig. 7. Medium Power View of Tissue Section Showing S. j ■i.pONicuv Ovuxi, with 

Surrounding Reaction 

during the period of cough which lasted from four to six weeks. Cerebial in- 
volvement has likewise been obseived. Though embolic ova have been noted m 
cerebral and pulmonary vascular sy’stems, no Schistosoma japonicum adult worms 
have been demonstrated in these vessels in man. However, Koppisch (1) has 
demonstiated the adult fluke in the pulmonaxy vessels in man in schistosomiasis 
mansoni. 

This case presents manifestations of involvement of the peiipheral circulation 
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THE TREATMENT OF SCHISTOSO.MIASIS MANSONI 
^^^TH XJREA STIBAanNE (SQUIBB)* 

PUEIilMXNARV RErOUT 

F. HERNANDEZ-MORALES. JOSfi OLIVER-GONZALEZ and CAROLINE KREISS 

PRATT 

From the Departments of Clinical Medicine and Medical Zoology of the School of Tropical 

Medicine San Juan, Puerto Itico 

Encouraged bj- the recent results’ obtained on treating human filariasis nith 
intensive doses of pentavalent antimony compounds, the writers have been using 
urea stibamine (Squibb) in the treatment of fourteen eases of schistosomiasis 
mansoni. Urea stibamine is a bufT-colored powder containing approximate^ 35 
per cent of pcntavalent antimon}-; the drug is fairly soluble in water. 

In order that effects of the drug could be better c\"aluated, only patients who 
were passing laige numbers of live schistosome ova were selected for treatment. 

All of them were hospitalized and subjected to a plij-sical examination. Daily 
records of temperatuies, pulses and respirations were kept, together nith com- 
plete blood counts and urinalj'sis made cverj^ three or four daj's. 

First, a small dose of 50 to 75 mg. was administered so as to determine any 
susceptibility te the dnig; thereafter, tlwcc daily doses were given on an empty 
stomach at 8 a.m., 11 a.m., and 4 p.m,; all injections were intravenous. The 
daily total dosage u'as gradually increased until the maximum tolerated amount 
was being given. Toxic reactions were carefully recorded. 

The selected gi’oup, which included negroes and whites, was made up of 7 male 
and 7 female Puerto Ricans. Their ages ranged from 12 to 30 years, ndth an 
average of 26 years for the men and 21 for the women. The men averaged a 
weight of 128 pounds and the women 90, j^et half of them could be considered 
tmder xveight for their ages. Their physical examinations revealed carious teeth 
and fungus infections of the feet, from a mild to a pronounced degree. None of 
them showed hepatosplenomegaly; only one third had sj-mptoms referable to the 
schistosomiasis infection. These sjTnptoms, were apparent in an intermittent 
diarrhea and tenesmus with or without, melena. Eveiy patient had lived all, or 
part of his life in a known endemic schistosomiasis area. 

Stool e.xaminations were made daily before and during treatment and on as 
many daily specimens as possible for each follow-up examination. The technique 

* The work described in tins paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the School of Tropical Medicine. 

Read at the Annual Meeting of the American Society of Tropical Medicine at Cincin- 
nati, Ohio, November IStb, 1945. 

• Chemotherapy of Human Filariasis by the Administration of Neostibosan, J. T. Cul- 
bertson, H. M. Rose, Josd Olivcr-Gonzdlez. Am. J. Trop. Med., Vol. 25, No. 3, 271-274, 
May, 1945. 
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used for the quantitative determination of eggs in feces has been described pre- 
viously.- The number of alive and dead schistosome eggs were recorded. 

RESULTS 

The amount of drug tolerated varied from 3.400 to 10.125 g. The smallest 
dosage was ^ven to a 12-year old white girl, weighing 73 pounds, who never 
tolerated more than 150 mg. and always showed sjunptoms of nausea, vomiting, 
facial edema, and palpitations. The largest amount, administered throughout a 
period of 18 days, was received by a 29-year old white male who weighed 131 
pounds. On an average, the men tolerated 7.180 g., given throughout 16 days of 
hospitalization, whereas the women tolerated 6.690 throughout 13 hospital daj's. 

TABLE 1 

Number of schislosoine eggs in patients treated xoith urea stibamine {Squibb) 


PATIE2^T*S 

HOSPITAL 

NimBEH 

TOTAL 
AMOUNT 
OF DRUG 
ADMINIS- 
TERED 

Before 

treatment 

End of 
treatment 

30 

Days after t 

60 

reatment 

90 

120 



Alive 

Dead 



Alive 

Dead 

Alive 

Dead 


■ 


grams 


! 

j 

1 


1 







A-7046 

10.125 

125 

175 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A.6560 

7.305 

225 

25 

0 

0 



■ 0 

0 

0 

0 

0 

0 

A-6718 

6.775 

175 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A-7047 

4.325 

325 

200 

400 

200 

0 

0 

0 

0 

0 

0 

0 

0 

A-6795 

3.400 

275 

175 

300 

125 

450 

500 

225 

100 

Patient Discarded 

A-7083 

9.385 

1375 

850 

450 

300 



0 

0 

0 

0 

0 

0 

A-7063 

7.600 

500 

500 

250 

325 

0 

0 



0 

0 



A-6781 

6.825 

150 

200 

50 

50 

0 

0 

0 

0 

0 

0 

0 

0 

A-7223 

6.495 

150 

50 

50 

50 

0 

0 

0 

0 

0 

0 

0 

0 

A-7221 

6.400 

150 

400 

25 

75 

0 

0 

0 

0 

0 

0 

0 

0 

A-7224 

5.250 

700 

800 

100 

200 

i 0 

0 

0 

0 

0 

0 

0 

0 

A-7225 

7.100 

300 

2000 

175 

1525 

0 

0 

0 

0 

0 

0 

0 

0 

A-7244 

5.010 

775 

450 

Died 










A-7222 

6.125 

250 

450 

50 

150 

0 

0 

0 

0 



0 

0 


Toxic reactions to the drug which were observed in all patients may be classified 
as immediate or delayed. Immediate reactions were those that occurred within 
the first 15 minutes after administration of the drug and consisted of flushing, 
facial edema, hoarseness, dyspnea, tachycardia, abdominal pain, nausea, vomit- 
ing, profuse sweating, bradycardia, pallor, poor pulse volume, and a semi-shock 
like condition. These reactions usually appeared on the third to fifth day of 
treatment and persisted, more or less, throughout its course. It was especially 
true of the febrile response, anorexia, abdominal pain, mental depression, and 
tiredness. Delayed symptoms were generally the mildest, but if they persisted 
or produced definite discomfort, the drug was reduced or suspended, as necessary. 

= Treatment of Schistosomiasis mansoni with Sodium Thiomalate (Anthiomaline), F. 
Herndndez -Morales, Ramdn M. Sudrez, C. Kreiss Pratt. In press. 
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One deatli occurred in the women on tJie 9tli day of treatment when a total of 
5.03 g. of tlie drug had been given due to acute drug sensitmty. 

Four patients gave persistent positive Ivalm reactions. Hanger’s liver func- 
tion test v.'as positive, from 1-}- to 3+, in 10 out of the fourteen patients. All 
patients but one were infected with one or more of the follovslng parasites: 
Tridiuris irichiura, Hookwonn, Endaniocha coU, Slronfftjloidcs stcrcoralis, Ascaris 
htmbricoidcs, Giardia Ia7nbUa and lodamocba tvilliamsi. 

In 9 cases, there was a transitory' fall in the total "WTBC to about 3,000. Twelve 
showed on cosinophilia that averaged a 9 per cent rise above the initial count; 
the highest count reached 3G per cent. Urinalysis revealed that, out of 14 cases, 
4 showed traces of albumin and casts during the counsc of therapy; these pa- 
tients had had essentially negative urines prior to treatment. An increase in the 
flocculation of the ccphalin-cholesterol mixture was observed in most of them. 

The effect of treatment on the schistosome infections as determined by the 
number of alive and dead schistosome ova in stools may be seen in table 1. At 
the end of treatment 10 patients still showed ova in the stool while 3 had negative 
stools. Kxaminations done one, two, three and four months later revealed that 
12 out of the 13 remaining patients had stools negative for ova at every examina- 
tion. Patient number A-G795 who was still passing ova CO day's after treatment 
had received only 3.40 g. of the drug. This case was then eliminated from the 
series, because the patient subsequently demanded further treatment and another 
drug was administered. 


DISCUSSION* AN*D SUlUI.VnV 

Fourteen patients infected with schistosomiasis mansoni were treated with urea 
stibamine (Squibb). The drug was administered intravenously; the total 
amount given varied from 3.40 to 10.125 g. 

Twelve out of 14 patients had stools negative for o\"a of S. mansoni when ex- 
amined on the 30th day* after the end of treatment and have remained negative 
thereafter for an additional period of 90 day's. 

One patient with the stools positive 60 dayrs after treatment, had received the 
smallest amount of drug. The presence of ova in the stools of this patient may 
be attributed to the insufficient amount of drug administered. 

Another patient died during hospitalization as a result of treatment. Toxic 
reactions to the drug occurred frequently among all patients and consisted of 
flushing of face, facial edema, hoarseness, dyspnea, tachy'cardia, abdominal pain, 
nausea, vomiting, congestion of conjunctival vessels, headache, weakness, loss of 
appetite, fever, decrease in white cell count, and albuminuria. 

Althougli the patients have had stools negative for ova of S. mansoni during a 
period of 4 months following treatment, the true efficacy of the drug can be 
ev'aluated only by the results of exanainations done through longer periods of 
time. If further observ'ations prove that the disappearance of ova from stools 
during treatment with this drug is due to the actual death of the worms, 
one would then feel justified in recommending its use under careful medical super- 
vision. 




SIMPLIFIED QUA]SiTITATI\T3 METHODS FOR HOOICWORiM 
CONTROL PROGRAjMS* 

J. ALLEN SCOTT 

' From Ihc Dcparlmcnl of Preventive Medicine University of Texas, Galveston, Texas 

During the last ris'enty years the majority of surveys and other epidemiological 
studies of hookworm disease have been based on the use of quantitative methods, 
principally dilution egg counting and hemoglobin determinations. More recently 
these quantitative methods have been extended into a new field, namely, they 
are now being used to direct specific control measures towards the people most 
needing attention. In this extension beyond the field for which dilution egg 
counting was originally designed, two tjrpes of difBculties have been encountered. 
In the first place, the limit of accuracy of the method has been well nigh reached, 
or perhaps exceeded. In the second place, the statistical methods necessary for 
correct interpretation, while compreliensible to specialized workers, are not easily 
understood by nurses and other health department persoimel whose training has 
not included an opportrmity to become familiar with statistical technics. 

The nature of the first difficult}’- can be illustrated by using the program of the 
Georgia Department of Public Health as an example. This program is based 
on the follorving facts and assumptions. 

1. Not all persons infected with hookworm show clinical symptoms. 

2. Nearly aU of those showing pronounced symptoms are members of rural, 
white families firing under the poorest economic conditions, usually as tenants 
or share croppers. 

3. It would seem that the primary responsibility of public health agencies, as 
far as hookworm disease is concerned, would fie -with these families rather than 
■with the far greater number of people who are infected -with relatively few hook- 
w'orms and show no discernible S3unptoms. 

4. Sanitation programs have not yet reached this t 3 q 3 e of family and certain 
inherent difficulties indicate that they -will not be reached in the near future. 

5. AUeriation of the sjouptoms by treatment, i.e. anthelmintics to reduce the 
size of the worm burden and iron compounds toincreasehemoglobin production, 
plus an associated educational effort, are therefore being relied upon until some 
more permanent control measures are applicable. 

It seems obvious that such a program needs a means of distinguishing which 
persons have symptoms resulting from hook-worm infection, but no really ade- 
quate means are available. At present the procedure is to make a yearly 
selection of school children -w’ho show clinical signs of anetoia, checking the border 

» Read by title at the Fortieth Annual Meeting of the American Society of Tropical 
Medicine, St. Louis, Missouri, November 15, 1944. 

This paper represents contribution No. 17 from the Di-vision of Malaria and Hookworm 
Service, Georgia Department of Public Health, under the auspices of which these studies 
were made. The author wishes to thank the other members of the department for their 
cooperation. 
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line cases witli hemoglobin determinations. Egg counts are then made on all 
anemic children. If the count of any child is above 2500 eggs per cc. (i.e. 5000 
e.p.cc. when corrected to formed stool basis), his family is ^^sited so that all 
members can be examined and treated if infected. This program has been suc- 
cessful, especially as regards keeping the cliildren relativelj’^ free from symptoms 
while passing through the critical period of childhood and early adolescence, 
after which they seem to be less affected. Actually, what is being done in this 
program is to select out for attention a group of people which includes all of those 
who may benefit from treatment. It also includes, however, some people who 
show no measurable benefit from treatment, but this inclusion is inevitable until 
some more precise method of selection has been deposed. 

From this example, it can be seen that the crux of the first difficulty lies in the 
the fact that the dilution egg count method null not in its present stage of develop- 
ment give an accurate estimate of the magnitude of infection of any single in- 
dividual because of its high random eiTor. Since, however, this error is usually 
unbiased, the method will satisfactorily determine the average egg output. Its 
most useful purpose in a control program is, therefore, to divide the population 
into groups. The limits between these groups must be set in such a way that one 
of these groups will contain all of the people who need immediate attention even 
though it also includes some people who will not necessarily benefit from that 
attention. 

Such separation into groups has proved to be very useful but there is still need 
for a new method which will determine quickly and vdth reasonable accuracy 
where each individual stands on the egg output scale. Such a method would 
enable the health officer to determine not only which population group needs the 
first attention, but also in which individuals of this group the need is most urgent. 
Moreover, this method would also enable private physicians to more readily take 
a quantitative view of their cases. 

As for the second difficulty, the correct analysis and summary of dilution egg 
count data have necessarily involved somewhat complicated statistical methods. 
In extending the use of the dilution egg count method to modern hookworm con- 
trol programs, it is necessary to present the data to nurses and other public healtli 
personnel who have had little or no training in statistics. If the presentation is 
to make its point, the statistical method must be somewhat simplified. The 
principal purpose of the following discussion is to show how the results of the 
dilution egg counts can be stated in simple terms of practical value and still be 
sufficiently complete and precise for all statistical purposes. 

INTERPKETATION AND USE OF EGG COUNT DATA BT THE HEALTH OFFICER 

The method of presenting egg count data to be recommended can best be e.v- 
plained by the use of an example. In table 1 the data resulting from examination 
of 824 persons in Brantley County, Georgia, are presented according to this 
method. Since the interpretation of these data will be made in a separate paper, 
the present discussion will be confined to methodology. As a background for 
discussion, however, it may be stated that the data are based on the examination 
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of specimens collected from rural, white families by a visiting nurse. These 
families were chosen at random from over the whole county, except for the fact 
that obviously well-to-do families were not included. Specimens were examined 
by a salt flotation method and the positives were re-examined by eggcount, using 
the technique as modified by Stoll and Hausheer (1). 

The health officer will find in the above table all of the available information 
•which is of use to him. In column 1 the population is divided into 3 groups on 
the grounds of their distinct epidemiological significance, namelj’-; pre-school 
children, children of school age, and adults. Any other appropriate grouping 
might have been used. The data of each group have been tested and found to be 
homogeneous. It is therefore possible to -xusualize wdth reasonable accurac}’' the 
extent of the hookworm problem in each of these three groups. The validity of 
conclusions can be judged from the number of persons examined, as shown in 
column 2. Column 3 shows the prevalence of hookworm infection in each group 
as indicated by the percentage of specimens found positive by flotation examina- 
tion. Column 4 containing the percentage of specimens positive by egg count 

TABLE 1 


Hookworm infection in Brantley County, Georgia, in 19iS 


1 

2 

3 

4 

s 

AGE OEOUr 

KmiBER OF PERSONS 
EXAUZNEO 

PER CENT INFECTED 
WITH BOOKWORM* 

PER CENT POSmVE 

PV ECO COUNTt 

PER <XKT OF SUS- 
PECTED CASES or 
nooKwoEM disease! 

0-4 

160 

49.4 

45.6 

23.4 

5-19 

514 

67.7 

63.8 

32.6 

20+ 

ISO 

46.7 

38.2 

11.3 


* Per cent positive by flotation, 
t With 200 or more eggs per cc. 
t With 2500 or more eggs per cc. 


examination is useful in making comparisons between areas. The principle rea- 
son for its inclusion, however, is that this information is absolutelj’^ essential for 
statistical puiposes, as "SAill be shown below. The data of column 5 are the most 
significant from a practical '^dewpoint. Thej”^ are, to a certain c-xtent, a measure 
of the amount of hookworm disease in a population group, and a^II therefore be 
discussed more at length. 

It is now generally agreed that the pathogenicity of hookworms is^iun- 
damentalb’’ based on their blood letting actndties, that anemia is the primnrj* 
symptom, and that all other manifestations are second.ar}’ to it. The c.vtent to 
wlvich the severity of anemia is related to the intensity of hookworm infection is 
often obscured, however, by a nutritional factor. Apparently, most well nour- 
i.shed persons have enough immunity to prevent the establishment- in the intestine 
of iiookworms in numbers sufficient to cause appreciable anemia (2). In certain 
states of malnutrition this protective mechanism is weakened and Large number.'^ 
of worms become established. Alorcover, this nutritional imbalance may of it- 
self cause anemia. Iloolavorm disease is, then, primarily the re.<ult of the addi- 
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tional drain which the worms place upon a hemopoietic system already nearing, 
if not past, its maximum limit of compensatory reaction. In evaluating the 
seriousness of hookworm disease, there arc two factors to be considered. The 
first is a determination of the degree of anemia, which can be accurately done by 
use of a hemoglobinometer, or approximatelj’’ estimated from the clinical signs. 
The second is a necessity for determining what portion of the anemic condition is 
due to the basic state of malnutrition and what portion to the superimposed 
hookworm infection. Hill and Andrews (3) showed that in Georgia no measur- 
able depression of the average hemoglobin reading was associated with hookworm 
egg counts of less than 2500 per cc.* Above this point, however, a progresave 
drop in the hemoglobin reading was con-elated with the size of the egg count. 
From these data it was concluded that in Georgia all of the cases of hookworm 
disease would be found in the group whose counts were above 2500 eggs per cc. 
In practice, the order of making these determinations is reversed (5). School 
children are first given a physical inspection and egg counts are then made only on 
those ndth signs of anemia. The group of anemic children uith counts above 
2500 per cc. should contain all of the true cases of hookworm disease as well as 
some -who will not benefit from treatment. It is not feasible with present 
methods to attempt to select further, but the group to which first attention should 
be given has already been narrowed down to a small proportion of the population. 

Returning now to our example, from the data as shown the health officer can 
conclude that two-thirds of the school children of these families are infected with 
hookworm, and that one-third of them harbor hookworms in numbers sufficient 
to cause any symptoms of anemia that may be noticed. Likewise, about half of 
the pre-school children are infected, and more than one-fifth of them have signi- 
ficantly heavy infections. Among adults, even though the prevalence is almost 
equally high, only one-tenth of the population has infections of a size to be con- 
sidered of possible public health significance. Attention should be called to the 
fact that in this example the people were chosen for examination at random. 
Therefore the cases of suspected hookworm disease included in column 5 would 
need to be examined for signs of anemia in order to determine which ones are most 
in need of attention. 

Method of ■preparing the recommended tables: The process of preparing table 1 
is not as simple as would be thought. The chief difficulty is introduced by the 
fact that some specimens are not of sufficient size to make both a flotation and an 
egg hount preparation possible. Of course, these specimens can be excluded from 
consideration before the flotation examination is made, but as a rule the labora- 
tory proceeds with flotations on aU specimens and then makes counts only on the 
positives. At this point the ones with insufficient quantity cannot be thrown 
out of consideration, because of the bias introduced into the data by the e.xcIusion 

^ The figure actualb’- reported by these authors was 5000 eggs per cc. F.S.B. They had 
used a correction factor for the consistency of the stools, reporting the data on a forme 
stool basis. The present author has determined that in Georgia the use of this factor practi- 
cally doubles the average value of egg counts throughout most of the range . For purposes o 
simplicity and for reasons given elsewhere (4) all data in this paper are uncorrected. 
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of a group of positive specimens Mntiiout also excluding the corresponding nega- 
tive specimens. The best procedure is to obtain another specimen from the 
person in question and to substitute the results of its examination in the original 
record. This cannot abvaj’s be done, however, and sometimes is too exqDensivc 
to be practical. Therefore, some adjustment of the data must be made. Using 
the 5]to 19 age group of table 1 as an example, we first find the 514 cases to be dis- 
tributed as follows: 


Positive by Dotation; 

With counts above 2500. 159 

With counta from 200 to 2500 

Tot.al positive by count 311 

Negative by egg count 

Total counted 330 

InsuCBcicnt material for counting _!:§ 

Total positive by flotation 348 

Negative by flotation: ISO 

Total examined bj" flotation 614 


These figures can best be discussed in reverse order. Of the 514 specimens ex- 
amined by flotation, 348 were positives, i.c. C7.7 per cent, the latter figure being 
entered in column 3 of table 1. Of these 348 only 330 could be re-examined by 
egg count and 311 were found positive, i.e. 94.2 per cent. We can assume that 
the 18 unexamined specimens tvould have been distributed in the same propor- 
tions as the ones examined, and therefore conclude that if all 348 bad been ex- 
amined, approximately 94.2 per cent, or 328 specimens would have been positive. 
Of the total 514 these 328 represent 63.8 per cent, wliich figure is entered 
in column 4 of table 1. Tlie same result could be reaclied in a simpler fashion by 
taking 94.2 per cent of 67.7 per cent. Likewise, of the 330 examined by count, 
159 were above 2500 eggs per cc., i.e. 48.2 per cent. This percentage times 67.7 
per cent gives us the figure 32.6 per cent to be entered in column 5 of table 1. 
If the number with insufficient material is more than a small part of the total, this 
number should be stated in a footnote. 

Statistical interpretation of comparative data: Although the data in the form 
presented above include all of the information usually needed by the health 
officer, they must be converted into another form for many statistical purposes. 
For example, in this form they cannot be directly compared with data presented 
in a different way, or even with data presented in the same way where different 
levels of significance are used. Of course, the best comparison could be made 
when all of the original data are available, but it is seldom possible to present 
data with sufficient completeness on account of limitations of publication space. 
Taking advantage of the fact that all homogeneous series of egg count data con- 
form to a characteristic pattern (6), any series can be approximately re- 
constructed from values of the type shown in table 1. The reconstruction is 
based on the fact that the counts from an entire homogeneous group of positive 
cases approximate a normal curve when plotted on logarithmic paper. We shall 
continue with the same example used above to show how this normal curve can 
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be reconstituted from the data as presented in table 1, but first, let us consider 
briefly the complete series of original data of our example. For this purpose only 
the 330 specimens which were actually counted -will be included. 

Earle and Doering (7) first suggested that egg counts would approximate a 
normal curve if plotted on a logarithmic scale, and suggested that each series be 
divided into approximately 12 evenly spaced logarithmic groups. Experience 
with this method (8) showed that the S3^stem of gradation must be chosen with 
care in order accurately to space on the logarithmic scale the cases near 
the bottom of the range; i.e. those with only one, two, or three eggs in the quan- 
tity of material actually examined. The system of gradation which has proved 
to be most satisfactory is the use of a class interval of 0.2 on the logarithmic scale 



Fig. 1. Showing the Distribution of Egg Counts of Positive Cases, Age Group 5 to 

19 FROM Table 1 


as sho'ftTi in figure 1.® The data of the 311 cases which were positive on the egg 
count examination were arranged according to the groups of eggs per slide shown 
at the top of this figure, and were then used to plot the shaded part of the histo- 
gram, Since the 19 specimens which were negative by egg count had previously 
been found positive by flotation, they must be included in the normal curve. 

s The only point where correspondence is not accurately approximated is in the group 
from 2.3 to 2.5 on the logarithmic scale. Here the value 200 eggs per cc., representing 1 egg 
per slide, corresponds to the lower limit of the group rather than to the mid-point, 2.4, as 
it should do. Since, however, this value also represents the point below which no count can 
fall when only one slide is counted, there is justification for considering this value to be 
placed at the lower limit of the group, and for using the value 2.3 as the mid-point when ca - 
culating constants, whenever an especially high degree of accurac}’’ is desired. 
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Their distribution was determined by extrapolation from a line fitted to the data 
plotted on probability paper and is shown as the clear part of the histogram. 

The normal curve shown by dotted lines was then fitted to the entire group of 
data bj' least squares and piwndes us a basis for the comparison of other approxi- 
mations. The curve shown as a solid line is an approximation read from 
a straight line fitted on probability paper to two points determined by the values 
of columns 4 and 5 of table !.■• \Micn the two normal cun'cs arc compared it is 
ob\'ious that the appro.ximation from two points docs not fit the data quite as 
well as does the curve fitted from the entire scries, but the difference between the 
two is insignificant in \dew of the fact that the original data onl}’’ roughly approxi- 
mate a normal cuive. As a matter of fact this particular example happens to be 
considerably more variable than the average series of egg counts. In any case 
what is desired is merel}’ an approximate curve from which values can be read at 
any point so as to make possible a comparison with other series of data. 

SU.MMARy 

Hookvi-orm egg count data from south Georgia arc used to illustrate a simple 
method of presenting such data in a form easilj' interpreted, yet complete and 
precise. The data are listed in the following categories for each population 
group: number of persons e.xamincd, percentage positive by flotation examination, 
percentage positive by egg count examination, percentage with counts above some 
specified level. 
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* A slight confusion is introduced b 3 ' the 19 cases which could not be examined by egg 
count. In practice one would reconstruct the curve on the basis of the entire 514 cases of 
which 67.7 per cent, or 34S cases, were considered to be positive by egg count, and 32.6 per 
cent of which, or 168 cases, were considered to be above 2500 eggs per cc. These 328 and 168 
cases represent respectively 94.3 and 48.3 per cent of 348, which points would be plotted at 
the 2.3 and the 3.4 levels on the logarithmic scale of probability paper for determining the 
straight line. Since for purposes of comparison we must use onlj' the 330 cases actually 
counted, the values 94.2 and 48.2 pre^dously calculated were used here. The difference is 
not significant in light of the variability involved. 
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In a recent communication (1945) we reported on the treatment of 50 cases of 
Giardia laniblia infection with “Acranil” which proved to be a highly effective 
chemotherapeutic agent for the treatment of this infection. That study was 
carried out during 1938-1939 on cases discovered among 300 children in 
two orphanages. Pertinent data on the incidence of other protozoal and hel- 
minthic infections of these childinn were given in the paper referred to; to 
avoid repetition thej’’ will not be dealt with again. During the same survey 25 
of 27 cases of Hymenolepis nana infections were also treated with “Acranil.” 
Acranil is an acridine derivative, closely related to “Atabrin” or “Quinacrine.” 
The 25 cases of Hymenolepis nana infections were treated as follows: 

The 25 children were divided into four groups, according to their ages: On 
the evening before beginning the course of treatment with Acranil, 0. 1-0.2 gm. 
calomel was administered to each child as an aperient. The following morning 
Acranil was given on empty stomach in a single dose. Tablets were sw'allowed 
with some water. Three hours later a sodium sulfate purge was administered. 
Food was served after the first or second bowel movement. Treatment with 
Acranil was continued in smaller doses for three more days without any further 
purgation. On the whole, Acranil was very w’eU tolerated by the children. Four 
children vomited the tablets soon after swallowing, but upon repeating the dose 
the tablets were retained. None show'ed any untoward effects. 

Group L 10 children, between the ages 4-8, were given each two 0.1 gm. tab- 
lets of Acranil, early m, the morning, on empty stomach. Three hours later a 
dosium sulfate purge was given. Then, for three consecutive days, each child 
swallowed one 0.1 gm. tablet of Acranil after breakfast. 

Group II. 9 children, between the ages of 8-10, were each given three 0.1 
gm. tablets of Acranil, early in the morning, on empty stomach. Three hours 
later a sodium sulfate purge was given. Then, for three consecutive days, each 
child swallowed one 0.1 gm. tablet of Acranil in the morning and another one in 
the evening after each meal. 

Group III. 4 children, between the ages 11-14, were each given four 0.1 gm. 
tablets of Acranil, early in the ihoming, on empty stomach. Three hours later a 
sodium sulfate purge was given. Then, for three consecutive dayB, each child 
swallowed one 0.1 gm. tablet of Acranil three times daily after meals. 

Group IV. 2 girls, 14 and 16 years old respectively, were each given five 0.1 

* Acranil was provided by the manufacturer, the “Bayer” firm, Leverkusen, for these 
e-xperiments. 
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gm. tablets of Acranil, early in the morning, on empty stomach. Three hours 
later a sodium sulfate purge was given. Then, for 3 consecutive days, each girl 
received one 0.1 gm. tablet of Acranil after each meal. 

Weekly stool examinations were made on these children for five consecutive 
weeks after the administration of the treatment. Five months after treatment 
a final sixth stool specimen was also examined. Stools were examined by “Direct 
Smear," and by the “hydi'ochloric acid and ether concentration" method of 
Tlieleman. 

It is evident from the data presented in table 1 that Acranil is very effective 
against the adult H. nana. One week after the treatment only one out of 25 
children passed ova of H. nana in his stools. Two weeks after the treatment 2 


TABLE 1 

Treatment of Hymenolepis nana infections with Acranil 


AGE 

KO. 

TREATMENT WITH ACRANIE 

rOSlTIVE STOOL EXAMINATIONS 

mm 

14 d. 

21 d. 

28 d. 

35 d. 

Smos. 

4-8 

10 

0.2 gm. at once on 1st day; 
then 0. 1 gm. once a day 
for 3 days. 

0 

0 

0 

1 

1 

4 

8-10 

9 

0.3 gm. at once on 1st day; 
then 0.1 gm. twice daily 
for 3 days. 

i 

0 

1 

2 

5 

6 

4 

11-14 

4 

0. 4 gm. at once on 1st day; 
then 0.1 gm. thrice 
daily for 3 days. 

0 

0 

1 

1 

0 

0 

1 

1 

3 

i 

14-16 

2 

0 . 5 gm. at once on 1st day ; 
then 0.1 gm. thrice 
for 3 days. 

1 

1 

1 

1 

2 

■ 

Total. . . 

25 

cases 


1 = 
4% 

2 = 
8% 

3 = 
12% 

7 = 
28% 

10 = 
40% 



children passed ova. Three weeks after the treatment 3 children passed ova in 
their stools. In other words, three weeks after the administration of the treat- 
ment, about 88% of the cases treated Avere negatiAm. After the third week the 
number of positive stools sharply increased, so that at the end of the fourth AA'cek 
after treatment, seven children showed ova in their stools and five months later 
12 out of 25 children AA'ere found to be reinfected. 

DISCUSSION 

Hymenole-pis nana is the most common tapeAVorm of man in Southern Europe 
and U. S. A. Sunlces and Sellers (1937) collected data on 927 ,625 fecal examina 
tions in the Southern United States, performed during 1931-35, and found that 
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out of 8085 tapeworm infections, 7,149 were H. nana infections. This report 
included 11 sun'cj’s from states in which the incidence of H. nana infection 
varied from 0.39-2.7%. In some parts of India Chandler (1940) found the in- 
cidence to be as high as 18-28%. Yenilcomshian and Berberian (1934) reported 
that in SjTia and the Lebanon the incidence was 1.5 per cent. In the orphanages 
where this study was carried out the incidence of II. nana infection was 9%. 

Hijmaiolepis nana is the onlj’- cestode of man which does not need an intei- 
mediate host. The eggs that may be ingested in food or drink hatch in the duo- 
denum or jejunum. Tiie embrj-onic onchospheres actively penetrate the villi 
and there they develop into larvae known as cysficcrcoids or cercocj’stis. YTien 
mature, the larvae break away from the villi and establish themselves lower down 
in the lumen of the ileum near the ileocecal valve and grow into adult worms. 
The period from the date of the ingestion of eggs to the time of first appearance of 
ova in the stools is known as the prepatent period; and the time from the first 
appearance of the ova in the stools and the spontaneous loss of worms is Icnown as 
the patait period. Grassi (1887) believed that the dwarf tapeworms are lost in 
35 daj’s after infection. Jo 3 ’’eux (1920) and Woodland (1924) stated that this 
time interval is 30 daj's or less. The life liistorj'- of Hymenolcpis fraiema of the 
rat was thorough Ij*^ studied bj' Shorb (1933) and Hunninen (1935). The murine 
form of the dwarf tapeworm is identical with the human form in structure and 
life historj'. Experiments have shown that the rodent form is infectious for 
man and the human form for rats and mice. Although according to some 
workers the incidence of cross infections is low, manj' authors accept the identity 
of these two species. Shorb (1933) found that the ova of H. fraterna are most 
%'iable and infective when freshl}' passed. The ^^ability is giadually lost. TiTien 
ova are stored in water, thej'’ are no longer idable after 11 days, Hunninen 
(1935) found that 35% or more of ingested eggs are passed out unchanged in the 
feces, a large percentage of Avliich are still Auable. The percentage development 
of cjrticercoids is on the average 4.1 and of adults 2.8%. The c 3 'sticercoids 
leave the villi at approximate^’' 102 hours and at the end of 144 hours almost all 
have escaped. According to Hunninen the prepatent period may vary from 14- 
25 da 3 ’s, and he considers it to be usually 15 da 3 ’s. The patent period is variable. 
In the rat and mouse this appears to be short, less than 11 days (Shorb). 

Concerning the treatment of this important tapeworm of man there is only a 
casual reference in standard text books on tropical medicine and parasitology. 
FiKx mass, oil of chenopodium, hexyl resorcinol, carbon tetrachloride combined 
with oil of chenopodium are mentioned as being more or less effective against 
dwarf-tapeworm. In Manson-Bahr’s experience (1942) it has not been eas 3 ’' to 
dislodge this tapeworm with any of these anthelmintics. On account of their 
toxicity, filix mass, carbon tetrachloride and oil of chenopodium caimot be used 
• repeatedly with safety, hence they cannot be considered suitable for the treat- 
ment of H. nana infection. Kutschinsky (1933) treated five cases of dwarf tape- 
worm mfection in mice with osarsol (stovarsol) by giving two daily doses for 3 
days and claimed the disappearance of eggs for 4 months and longer. In the 
experience of Maplestone and Mukerji (1939) stovarsol failed to cure H. nana 
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infection in man; they treated 12 cases wth gentian violet with promising results. 
Their observations indicated that gential violet given in 1 grain t.i.d, doses for 
a week, or several-courses of three days’ duration at weekly intervals, was the 
only treatment of real value. Culbertson (1940) reported that 0.01 gm. of ata- 
brine given by mouth on 2 successive days and somewhat smaller doses given for 
prolonged periods, generally completely cured Ilymcnolepis fraierna infection in 
mice. He stated that subcurative doses of the drug, too small to cause the elim- 
ination of all the parasites suppressed for a time thereafter the egg production by 
the worms, but this function was resumed as the effect of the drug wore off. 

If we analyse our results in the light of the above facts, we may be justified in 
drawing the following conclusions: 

1. That the treatment vdth Acranil eliminated the egg lajdng mature dwarf 
tapeworms in 24 out of 25 cases of infection as revealed by stool examinations 
performed one week after the treatment. 

2. Though the effectiveness of Acranil on the cysticercoids of H. nana could 
not be gauged directly from stool examinations, it would appear that the drug 
must have been equally effective against them, as 14 days after treatment only 
two out of twenty five cases treated passed ova in their stools and the rest re- 
mained negative (92%). The prepatent period of H. nana being 15 days, the 
cysticercoids which were not eliminated by the treatment would have had ample 
time to develop into maturity and their ova would have appeared in the stools’. 
After 15 days it is no longer possible to eliminate the possibility of reinfection. 

It is therefore reasonable to conclude that of all the anthelmintics hitherto used 
against the dwarf tapeworm of man, Acranil is perhaps the most effective, the 
least toxic and one that can be administered with ease. 

StTMMART 

25 cases of Hymenolepis nana infection in children were treated by a synthetic 
acridine derivative “Acranil.” The night before the administration of Acranil, 
the children were each given 0. 1-0.2 gm. Calomel as aperient. The following 
morning Acranil was given on an empty stomach in 0. 1-0.5 gram doses according 
to age. Three hours later a saline purge was administered. Treatment vdth 
Acranil was continued in smaller doses for 3 more days wdthout any further pur- 
gation. 23 out of 25 children treated by tliis method remained free of worms for 
14 days. 

Achnowledgement: My very best thanks are due to Dr. E. W. Dennis, Chau- 
man of the Department, for reading the manuscript and for valuable suggestions. 
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EMERGENCY STERILIZATION OF DRINKING WATER WITH 
HETEROPOLAR CATIONIC ANTISEPTICS 

I. Effectiveness against Cysts op Endamoeba histolytica*-- 

JOHN F. KESSEL, FREDERICK J. MOORE 

With the technical assistance of F. M. ICaplan and R, Schireson 

From the Departments of Bacteriology and Experimental Medicine, University of Southern 
California School of Medicine, and from the Laboratories of the Los Angeles County Hospital 

Although there are many practical uses for antiseptics which are effective 
against cysts of Bndamoeha histolytica, one of the most important and difficult is 
the emergency sterilization of drinking water under military combat conditions. 
Various halogen preparations have not been entirely satisfactory because they 
tend to be inactivated by organic nitrogenous material and by alkalinity. Since 
natural waters encountered in the field may sometimes contain very high con- 
centrations of organic nitrogenous material or may be alkaline, and since military 
emergency conditions in the field requhe uniform dosage, it is necessaiy to use 
the halogens in high initial concentrations under all conditions so that they maj’’ 
prove effective even under the worst conditions. These high concentrations of 
the halogens are distasteful and may not be enth-elj'- vithout toxicity. 

The antiseptic actmt}’' of certain heteropolar cationic compounds, or syn- 
thetic, cationic detergents, was described in 1935 by Domagk (1) and Katz and 
Lipsitz (2). These compounds are surfaee-acti%^e agents in which the active 
portion of the molecule is the cation. A low toxicity of certain of these chemicals 
had been reported in animals (1 ,3-10), numerous reports had appeared indicating 
their effectiveness against various bacteria, and Roccal had been found to be ef- 
fective against cysts of Endamoeha histolytica (11). 

Prehmmary experiments, conducted in this laboratory during 1943, indicated 
that three chemicals of this type, Zephiran, Phemerol, and Ceepiyn, were able to 
kill amebic cysts in dilutions of at least 1 : 10,000 vdth a cyst density ranging up 
to 10,000 cysts per ml. of solution and vuth a time of exposure of 10 minutes at 
20°C. Similar preliminary experiments with bacteria indicated that the dings 
remained apparently germicidal over a wide pH range and that they were not 
markedly affected by concentrations of organic nitrogen of more than 1,000 parts 
per million. Concentrations of some of these chemicals which were found ef- 
fective against amebic C 3 '’sts and vegetative bacteria did not seem unduly dis- 
tasteful. Many heteropolar cationic antiseptics were said to be stable and ob- 
tainable in a solid but freely soluble form. It therefore seemed possible that 
chemicals of this general type might be more useful than the halogens for the 
emergency sterilization of drinking water, as well as for other cysticidal purposes. 

^ The work reported in this paper was conducted under a contract, recommended b}' the 
Committee on Medical Research, between the Office of Scientific Research and Development 
and the University of Southern California. 

* Read at the Annual Meeting of the American Society of Tropical Medicine at Cincin- 
nati, Ohio, November 14, 1945. 
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A survey ,(12) of a large number of compounds of this general chemical type 
has been carried out to determine their effectiveness against Escheri^m coli, 
Staphylococcus aureus, aerobic bacterial spores, and several strains of fungi and 
to estimate their acute toxicity when administered to mice orally or intraperi- 
toneally. That survey indicated that heteropolar cationic compounds might 
prove to be excellent antiseptics. In the present communication are shown the 
results obtained with 48 of these chemicals against cysts of E. histolytica. 

JtATERIALS AND METHODS 

Suspensions of cj'sts of the NRS strain of E. Jmtolyiica were prepared as pre- 
viously indicated (13). Direct microscopic counts were made of these suspen- 
sions which were than adjusted to contain approximately 10,000 C 3 ^ts per ml. 
Stock suspensions of cysts were kept at 4°C. and used between the first and tenth 
days of preparation. 

Multiple geometric dilutions, in distilled water, of the antiseptic to be tested 
were prepared in volumes of 9 ml. in cork-stoppered centrifuge tubes, brought to 
20°C. in a water bath, and inoculated with 1 ml. of the standard cysts suspension. 
After about 8 minutes the tubes were centrifuged, and at the end of 10 minutes, 
the supernatant fluid was siphoned off and sterile water added. After mixing, 
the solution was again centrifuged, and tins washing process was carried out a 
second time before the entire sediment was inoculated into RES medium con- 
taining starch and the bacteria which were present in the original amebic culture. 
Each culture tube was examined repeatedly over a period of 6 days for the ap- 
pearance of trophozoites. If none were found, it was concluded that the cysts 
had been killed during contact with the antiseptic. 

Preliminary trials were run in duplicate with 0.3 to 0.6 log differences in con- 
centration. Further titrations were conducted in triplicate with 0.1 or 0.2 log 
differences in concentration when the EDso of the preliminary test appeared to 
be 1:10,000 or more. Antiseptics ha^ung end-points of 1,20,000 or more were 
tested in quintuplicate at least and with 0.1 log changes in concentration from 
one dilution to the next. EDso end-points,® or dilutions which were apparently 
cysticidal in half the trials, were calculated according to the methods of Reed and 
Meunch (14). 


RESULTS 

Table 1 indicates the chemical name and the dilution (EDso) found effective in 
half of the trials against approximately 1,000 C 5 ’'sts of E. histolytica per ml. in an 
exposure period of 10 minutes at 20°C. 

It is seen that under the conditions of test the majority of these compounds 
vrere effective in dilutions of at least 1:5,000; that 20 of them were effective in 
dilutions of at least 1:20,000; and that 3 of them were effective in dilutions of 
over 1:80,000. 

3 In calculating these end-points, dilutions before inoculation, rather than final dilutions 
after inoculation, have been used. The final dilution was 11% higher than the starting 
dilution because 1 ml. of inoculum was added to 9 ml. of the antiseptic. 



STERILIZATION OP DRINKING WATER 


347 


TABLE 1 


m 


rowmiA 

OfSX EDM 

35 

C 

n-liexadccyl trimctliyl ammonium bromide (“Cetamium”) 

70,800 

4S 

0 

n-hcxadecyl dimethyl 2-hydroxyethyl ammonium chloride 

87,100 

49 

0 

n-hoxadecyl diethyl 2 -h 5 *droxyethyl ammonium chloride 

33,900 

51 

0 . 

n-hexadecj’l di-n-propyl 2-hydroxyelhyl ammonium chloride 

20,000 

50 

0, 

n-hexadecyl di-n-butyl 2-hydroxyethyl ammonium chloride 

85,100 

4 

w. 

dimethyl 9-octadecenyl ethyl ammonium bromide 

10,000 

5 

w 

dimethyl 9-octadeccnj’l cth 3 *l ammonium bromide (technical 
crude) 

14,100 

1 

w 

alkj’l dimethyl benzyl ammonium chloride ("Zephiran”) 
(Cjto It) 

17,800 

10 

w 

Industrial grade “Zephiran” (“Roccal”) 

20,000 

2 

w- 

Technical crude “ Zephiran” . 

40,700 

3 

w 

alkyl dimcthj’l benzyl ammomum chloride (Cu to u) 

41,700 

20 

E 

di-n-octj’l methyl benzyl ammonium bromide 

10,200 

44 

U 

dioctyl methyl cinnamyl ammonium chloride 

19,500 

30 

PD 

(p-octyl phenoxy ethoxy ethyl) trimethyl ammonium 
chloride 

5,000 

9 

PD 

(p-octyl phenoxy ethoxy ethyl) dimethyl benzyl ammonium 
chloride (“Phemerol”) 

17,800 

25 

PD 

(p-butyl o-bromo phenoxy ethoxy ethyl) dimethyl benzyl 
ammonium chloride 

<5,000 

27 

PD 

(p -cyclohexyl phenoxy ethoxy ethyl) dimethyl benzyl am- 
monium chloride 

5,000 

29 

PD 

1 

(p-octyl phenoxy ethoxy ethjd) dimethyl p-chlorobenzyl 
ammonium chloride 

46,800 

28 

PD ' 

(p-oetjd phenoxy ethoxy ethjd) dimethyl cinnamjd ammo- 
nium chloride 

>20,000 

32 

PD 

(p-octj’l phenoxy ethoxy ethyl) dimethyl benzyl ammonium 
butyrate 

14,100 

33 

PD 

(p-octyl phenoxj' ethoxy ethyl) dimethyl benzyl ammonium 
octyloxyacetate 

14,100 

31 

PD 

(p-octj’l phenoxy ethoxy ethyl) dimethyl benzyl ammonium 
undecylate 

38,000 

34 

PD 

(p-octyl phenoxy ethoxy ethyl) dimethyl benzyl ammonium 
oleate 

10,000 

14 

U 

1-n-tetradecyl pj-ridinium chloride 

20,900 

39 

u 

1-n-tetradecyl 3-methyl pyridinium bromide 

7,080 

16 

u 

1-n-tetradecjd 3-carbamj’l pyridinium bromide 

56,200 

15 

■ D 

1-n-tetradecyl 3-diethylcarbamyl pyridinimn bromide | 

8,910 

13 

U 

1-n-tetradecyl 4-methj'l pyridinium chloride 

182,000 

18 

U 

1-n-tetradecyl 4-diethylcarbamyl pyridinium bromide 

7,080 

11 

M 

1-n-hexadecyl pyridinium chloride (“Ceepryn”) 

74,000 

12 

TJ 

1-n-bexadecyl 2-metbyl pyridinium bromide 

19,950 

41 

D 

1-n-hexadeoyl 3-methyl pyridinium bromide 

14, 100 

17 

U 

1-n-hexadecyl 3-carbamyl pyridinium bromide 

21,600 

40 

U 

1-n-hexadecyl 3-diethylcarbamyl pyridinium chloride 

7,080 

52 

E 

l-(n-undecyl formoxy ethyl carbamyl methyl) pyridinium 
chloride (“Emulsol”) 

5,620 

53 

E 

l-(n-tridecyl formoxy ethyl carbamyl methyl) pyridinium 
chloride (“Emulsol”) 

8,510 
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TABLE 1 — Concluded 


otniNo. 

UAKOT.* 

roRiiuiA 

CTST.EDU 

54 

E 

l-(n-peiitadecyl formoxy ethyl carbamyl methyl) pyridinium 
chloride (“Emulsol”) 

8,710 

55 

E 

l-(n-heptadecyl formoxy ethyl carbamyl methyl) pyridinium 
chloride (“Emulsol”) 

8,320 

22 

U 

1-benzyl 4-n-undecyl pyridinium chloride 

7,080 

42 

U 

1-allyl 4-n-tridecyl pyridinium bromide 

28,800 

45 

U 

1-benzyl 4-n-pentadecyl pyridinium chloride 

4,070 

43 

U 

1-benzyl 4-n-dodecyl-carbamyl pyridinium chloride 

2,190 

47 

0 

1-n-hexadecyl l-(2-hydroxyethyl) piperidinimn chloride 

37,200 

46 

0 

1-n-hexadecyl l-(2-hydroxyethyl) morpbolinium chloride 

58,900 

21 

u 

1,3-di-n-heptyl benzotriazolium bromide 

<5,000 

26 

PD 

1,3-di-n-octyl benzotriazolium bromide 

>42,700 

38 

U 

1-n-dodecyl 3-ethyl benzotriazolium bromide 

<5,000 

23 

U 

1-n-tetradecyl 3-ethyl benzotriazolium bromide 

10,000 


* C: Cetamium; O; Ortho; W: Winthrop; U; Upjohn; PD: Parke, Davis; M: Merrell; 
E: Emulsol. 


Comparison of effectiveness of these antiseptics against amebic cysts, as shown 
above, and Escherichia coli, as noted elsewhere (12), indicates that they generally 
tended to be somewhat more effective against E. coli than against amebic cysts. 
This relationship W'as by no means constant, however. In the case of 38 com- 
pounds in which it was felt that both end-points had been determined with suffi- 
cient precision for purposes of such a comparison, the ratio of effectiveness against 
E. coli compared with effectiveness against cysts (coli EDbo divided by cyst 
EDbo) was found to have a mean value of 1.7, a mode of 1.5, and a median of 1.4. 
One chemical was found to be over 7 times as effective against amebic cysts as 
against E. coli, while at the other extreme 2 compounds were found to be more 
than 5 times as effective against E. coli as against cysts. In the case of half of 
the 38 compounds, the effectiveness against cysts was less than twice and more 
than half the effectiveness against E. coli. It therefore seems possible, on the 
basis of these data, to state that the “cysticidal” power of an antiseptic of this 
type may differ within considerable limits from its “bactericidal” power. 

The acute oral toxicity of these antiseptics for mice has also been indicated 
(12). From those data, in comparison with the results noted above, it is seen 
that many of these compounds provided a moderate or considerable margin of 
apparent safety. The safest compound studied was n-hexadecyl dimethyl 2- 
hydroxyethyl ammonium chloride (Ortho ?^?244, our ^48), in which the EDbo 
for cysts wms 1 : 87,100, and a dilution of 1 : 50 administered orally in a single dose 
of 0.5 cc. to white mice failed to kill half of the animals within a period of JO 
days. This particular compound, however, was not particularly effective against 
E. coli, the EDbo for that organism being 1 : 20,400. 

A few of the more effective and less toxic compounds were sampled for taste, 
and it was found that they had a slightly medicinal, slightly astringent taste m 
concentrations which were effective against both E. coli and amebic c 3 'Hts. 
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DISCUSSION 

The heteropolar cationic antiseptics, sometimes called synthetic cationic deter- 
gents, have been found effective against cysts of E. histolytica in vitro. These 
results are in agreement with Wright’s obsen^ations (11) and are consistent with 
the confirmatory results recently published by Fair (15). There are two principal 
problems involved in their use for the sterilization of drinking water, however. 
They have a definite and slightl 3 '’ unpleasant taste in effective concentrations, 
and these concentrations have not been examined sufficiently to demonstrate 
then* complete lack of toxicity when consumed over prolonged periods of time by 
man. Further studies were therefore undertaken (16) in an effort to find some 
method for the inactivation of excess antiseptic after its antibiotic action had 
taken place. 

The cysticidal activity of heteropolar cationic antiseptics suggests considera- 
tion of their use also for other practical purposes, such as decontamination of 
dishes, fruits, vegetables, clothmg, body surfaces, and the like. 

CONCLUSIONS 

1. A large number of heteropolar cationic antiseptics have been found suffi- 
ciently effective against bacteria and cysts of E. histolytica in vitro to justify 
considering their use for the emergency sterilization of drinking water in canteens 
and for other cysticidal and antiseptic purposes. 

2, A minimal taste and a theoretical risk of toxicity make it advisable to re- 
move excess chemical from drinking water after antiseptic action has occurred. 
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PRECAUTIONS BY THE ARMY TO PRE^TLNT THE INTRODUCTION 

OF TROPICAL DISEASES* 

0. R. McCOy« 

\ 

Director, Tropical Disease Control Division, Office of The Surgeon General, U. S. Army 

Since the start of the war it has been universallj’- recognized that troops de- 
ploj^^ed in the tropical theaters of operation would be extensively exposed to a 
variety of diseases wliich either do not occur in the United States or are not 
widely prevalent, hluch speculation has taken place as to the disease problems 
which might arise when the Army was demobilized and troops brought home and 
returned to civil life. From time to time representatives of the Army, Navy, 
and U. S. Public Health Sendee have consulted to determine precautions which 
should be enforced to prevent the introduction of e.xotic diseases. Since the time 
for demobilization of the forces which campaigned in the Pacific, Africa, the Mid- 
dle East and the Orient has now arrived, it is appropriate to evaluate the extent 
to which various tropical diseases have been a problem among troops and to re- 
^dew the measures which have been adopted by the Army to prevent introduction 
of these diseases b3’' men returning from overseas. 

First of aU, it should be pointed out that high standards of preventive medicine 
have been enforced among troops sendng overseas. In general, good sanitation 
has prevailed. Also, troops serving in endemic areas have been immunized 
against certain of the tropical infections^ such as yellow fever, cholera and plague. 
These and other factors have prevented manj'- of the diseases which afflict native 
populations from attaining significant incidence among military forces. This is 
true, for example, of such diseases as leprosy, trypanosomiasis, leishmania- 
sis, onchocerciasis, as well as many others which consequently will not constitute 
a significant hazard in returning troops. The tropical infections which have been 
the most important to the Army as a whole are malaria, dysentery, and various 
dermatoses; dengue, sandfly fever, scrub typhus, filariasis, schistosomiasis, and 
hookworm have at times constituted disease problems of military significance 
among smaller groups of men and in more limited areas. The importance of 
these conditions in relation to the return of troops will be discussed briefly. Since 
the dermatoses which have been most troublesome are related principally to the 
tropical environment, this problem will not be a lasting one after men are brought 
back to this country. 

Malaria has been by far the most important disease problem among troops 
which served in warm climates, and the possible establishment of new' foci and 
new strains of parasites in the United States has attracted considerable attention. 
Loose estimates running up into the millions have been made as to the number of 

• Read at the Annual Meeting of the American Society of Tropical Medicine, November 
14, 1945. 

1 Lt. Colonel, M.C., A.U.S., on leave from the School of Medicine and Dentistry, ITni- 
veristy of Rochester, Rochester 7, New York. 
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men who might return to this country infected with malaria. Statistics may now 
be quoted which show that actually there were a total of 430,000 hospital admis- 
sions for malaria in the Army during the period December 1941 through June 
1945. Of these, 362,000 occurred abroad and 68,000 in the United States, nearly 
all of the latter representing relapses of infections acquired overseas. Since these 
figures include readmissions, the actual number of individual infections must be 
considerably smaller. (Admissions in the Philippine Islands before the reoccupa- 
tion in October 1944 are not included because of the absence of records.) 

The Army has taken definite steps to minimize the hazard of secondarj’’ cases of 
malaria arising from soldiers who may still harbor malarial parasites after their 
return to the United States. Adequate control of anopheline mosquitoes is main- 
tained at military installations, including hospitals, throughout the country. 
In the past year the program of the U. S. Public Health Servdee for malaria con- 
trol in war areas has been extended to include selected locations in southern 
states where the risk of transmission is considered greatest. Evidence of efltec- 
tiveness of this coordinated mosquito control program is afforded by the e.\'- 
tremely low malaria rate which has prevailed among troops in this countr}'’ and 
also by the fact that up to the present, as far as is knovm, only an insignificant 
number of secondary cases of malaria have been traced to oversea veterans. 

Although soldiers who have had malaria will receive adequate treatment before 
discharge, it is inevitable that many may still harbor latent infection and may 
suffer a relapse at a later date. Many of the troops sei^dng in highly malarious 
regions have been given suppressive medication with atabrine. Such treatment 
does not prevent infection even though symptoms are suppressed while the drug 
is taken. When the drug is discontinued delayed primary attacks occur in the 
majority of those who have become infected with %dvax malaria, usually within a 
month or two after medication is stopped, although occasionally the interval may 
be prolonged to a year or more. Infections with falciparum malaria are usually 
cured provided suppressive treatment with atabrine is continued for four weeks 
after the last exposure. 

In order to prevent attacks of malaria while men are on furlough or are travel- 
ing to new locations, it is required that soldiers who are still taking suppressive 
medication when they return to the United States will continue to take the drug 
for an additional period of 28 days. This measure is not only beneficial to the 
individual in preventing relapses at an inconvenient time, but also eliminates the 
chance of spread to others during the period of travel and insures the taldng of 
sufficient drug to cure falciparum malaria in case infection has occurred imme- 
diately prior to return to this country. 

At the time of separation from service the following procedures are carried ou 
during the terminal physical examination to minimize the public health hazar 
from carriers of malarial parasites: _ ^ 

1. Individuals who, during the previous two years, have had malaria or have 
served in a hyperendemic area and have taken suppressive treatment are warne 
that they may have a relapse or an initial clinical attack. They are instruc 
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to seek prompt medical attention and to have a blood examination for malarial 
parasites in case of a febrile illness. 

2. When an indhddual has had repeated attacks of malaria, he is examined for 
splenomegaly and other signs of chronic malaria. 

3. "WTien an indhddual has had an attack of malaria witliin the previous three 
months or has discontinued the taking of suppressive treatment within the pre- 
\dous thirty days or when symptoms or signs suggest the presence of acute or 
subclinical malaria, a thick blood film is examined for parasites. All individuals 
found positive are treated until free of sjunptoms and until two negative thick 
blood films have been obtained at two-day intervals. 

Amebiasis is another disease which has occurred widely in the Army overseas, 
expecially in India, China and the Philippines, and which may present a problem 
after troops have returned. Undoubtedly many infections will not have been 
recognized and treated. Others that have been treated may later recur. Since 
it is generally agreed that from 5 to 10 per cent of the population in this country 
is already infected vith Endamocha histolytica, it does not appear that the return 
of carriers among soldiers will greatly affect the public health problem which now 
exists unless strains from abroad should prove more \di’ulent than those already 
present. No evidence of this has been demonstrated. 

It is not considered feasible that the Army endeavor to discover and treat every 
indhddual infected vdth E. histolytica before discharge. The laboratory and 
hospital facilities required, as well as the delay in the process of separation, make 
such a procedure out of the question. An attempt is being made, however, to 
insure that individuals who have had amebic d 3 ’^sentery have received adequate 
treatment before discharge. When an individual gives a history of a clinical 
attack within the previous six months which is suspected of being due to Enda- 
moeha histolytica or when symptoms or signs suggest the presence of active amebic 
dysentery, a freshly passed stool specimen is examined for E. histolytica. Indi- 
viduals found positive either for trophozoites or for cysts are treated. 

In the case of bacillary dysentery, stool cultures by the rectal swab technique 
are made when a history is given of an attack within the pre^^ous month which is 
suspected of being due to bacillary dysentery. Surveys have shown that the 
incidence of carriers of pathogenic bacteria is extremely low in returned military 
personnel. Apparently, use of sulfonamides for treatment has markedly reduced 
the persistence of Shigella organisms following acute attacks. 

Since dengue, sandfly fever, and scrub typhus are limited in their course and 
do not have recurrences, the chance of their importation by returning service 
personnel is small. The hazard from dengue is the greatest. Outbreaks of the 
disease have occurred from time to time among troops at Pacific stations which 
are within one or two days’ flying time of the continental United States. Al- 
though quarantine procedures are an effective barrier against the entry of persons 
sick with dengue, it is possible that an individual might arrive during the incuba- 
tion period and enter undetected. Hence, control of Aides aegypti is an integral 
part of the antunosquito program at Army bases and airports. 
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Hookworm infection acquired by troops serving in the Pacific and in Asia is a 
matter of importance to public health in the United States because of the possi- 
bility of introducing Ancylostoma duodenale, a species which heretofore has not 
been established in the southern states. Reports have indicated that A. duode- 
nale frequently is the predominating species in infections acquired in the Solo- 
mons, New Guinea, the Philippines and in Burma where some combat units have 
shorni up to 25 per cent incidence of hooku'orm infection. The infections, how- 
ever, rarely are severe enough to cause clinical manifestations. Ancylosloma 
presents a greater public health problem than Necaior americanm, the species 
now established in the southern United States, because it is more harmful to the 
host, is less amenable to treatment, and because its free-living stages are more 
resistant to climatic conditions. 

An attempt to remove every single hookworm from troops returning to the 
United States is not considered practicable because of the difficulties of examin- 
ing and treating such a large group of men and especially because repeated treat- 
ment may be necessary to effect complete cure. However, the possibility of A. 
duodenale becoming established in extensive areas in this country'’ will be materi- 
ally lessened if the number of worms introduced, by returning troops is kept to a 
minimum. Consequently, survey and treatment of troops, especially those in 
combat units most ex-posed to infection, is encouraged before departure from 
abroad. Also, at the time of discharge individuals who have been treated for 
hookworm within the previous six months are examined and given additional 
treatment if hookworm eggs are found. 

Other helminth parasites are not of particular concern from a public healtli 
point of view either because they are already common in this country, for exam- 
ple, Ascarie lunibncoides and Trichuris irichiura, or because there is apparently 
no possibility of their spread. More than a thousand cases of schistosomiasis 
japonica occurred in troops during the invasion of Leyte in the Philippines. 
These individuals are being given thorough treatment and follow-up e.xamina- 
tions. In any event, since suitable snail vectors are not known to occur in the 
United States, it is not considered that the return of sudi cases presents a public 
health hazard. 

Although several thousand infections vdth filariasis have occurred in Army 
persormel in the Pacific, only a small number of those infected has ever shown 
microfilariae in the blood. It has been generally agreed by representatives of the 
Airmy, Navy and U. S. Public Health Service that the chance of transmission of 
filariasis in the United States is -very slight and that no restriction of the location 
or movement of individual earners of microfilariae is necessary. The Army is 
maintaining a follow-up of men infected wdth filariasis to determine whether any 
appreciable number will show microfilariae in the blood at a later date. 

In addition to the special precautions discussed above in relation to individual 
diseases, it should be pointed out that general quarantine measures have beOT 
improved and strengthened during the war. A joint Army, Navy, and Public 
Health Service Quarantine Board has established a program of militarj’- quaran- 
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tine which takes maximal advantage of the broad policy of i m munization required 
in the armed sendees and the continuous medical supervision exercised over 
military personnel. Troops are examined before departure from abroad and 
after arrival in this country to identify and screen out for treatment individuals 
who may have acquired communicable diseases during oversea service. Also, 
new regulations have been formulated which are intended to prevent the intro- 
duction of disease through infected animals, plants or insects. Every feasible 
effort is being made to safeguard this country from new disease problems which 
might result from the world-wide deployment of the armed forces. 




BOOK REVIEWS 


Paihohgy of Tropical Diseases, an Atlas, by J. E. Ash, Colonel, MC, USA, Director, Army 
Institute of Pathologj', Army Medical Museum, and Sophie Spitz, MD, CS, AUS, Patho- 
logist, Army Institute of Pathologj', Army Medical Museum. 941 illustrations, 15 in 
color, on 257 plates. W. B. Saunders Company, Philadelphia and London, 1945. 
Students of tropical medicine in many p.arts of the world will greet this important work 
with enthusi.asm and will read it with intense satisfaction. The resources of the Army 
Medical Museum have pro^dded unique material for photographic reproductions which the 
authors have elucidated by legends and annotations summarizing current scientific opinion 
as well as their own raluable observations. The text is rightly subordinated to the plates, 
which are there in abundance, picturing just the things one wants to see and has difficulty 
finding elsewhere, the microscopic diagirosis of stool smears (pp. lOG-lOS) the tissue changes 
of histoplasmosis (pp. lS4-lSo) or the diflcrcntiation of intracellular organisms (p. 205). 
The mivtcrial, the photography, the photo-cngra\'ing and the presswork excite admiration. 
The 3 * are the best in the field of tropical pathologj’ since the appearance of Thompson and 
Robertson’s Protozoology in 1929. 

If urged for suggestions for the improvement of a second edition, one recommendation 
would be made, that the authors consider the insertion of transparent overlaj’s with dia- 
grams, to increase the teaching value of the more important plates. Unretouched photo- 
graphs are necessary to show what one actually finds in the microscope, but a diagram gives 
the ine.xpcrienced man the trained pathologist’s interpretation of what he is looking at. 
A few te.xtual and orthographic errors need correction. Four j’cars is not the limit of the 
period of infccti-vdtj’ of ticks carrjdng relapsing fever organisms (p. 69). Untreated hook- 
worm infection is not persistent “for j*ears”, in the absence of reinfection (p. 229). The 
historj’ of arctic and antarctic e.xploration docs not support the view that scurvy was practi- 
cally elimin.ated by the empiric use of lime juice long before %’itamins were known (p. 314). 
Haemogogtts capricornii, Rhipiccphalus sanguineus, Rickettsia rickettsi, lodamoeha butsehlii 
and Xenopsylla cheopis arc raispollcd in the text (pp. 1, 33, 79 and 114). These few errors of 
detail do not lessen the high scholarlj* and scientific value of this unique and noteworthy 
contribution to pathology and to tropical medicine, a credit to the authors, to the Army 
Medical Department and to .\merican science as a whole. 

Elliston Farrell 

Protozoology, by Richard R. Kudo, D.Sc., Professor of Zoology, the University of Illinois, 
Urbana, Rlinois. Seven hundred seventy eight pages with 336 illustrations. Third 
edition, Charles C. Thomas, Springfield, Illinois, 1946. 

This edition of Kudo’s text, like its prototype, the Handbook of Protozoology published in 
1931 , presents introductorj' information on the common free-living and parastic protozoa for 
the use of zoology students of college and university grade. Part I, comprising 186 pages, 
is devoted to the general biology of protozoa. Taxonomy and special biology occupy Part 
II, which fills two thirds of the book, the collection, cultivation and observation of protozoa 
being considered in the final chapter. An author and subject index concludes the volume. 
Of the illustrations, 4 are in color, the remainder in black and white. 

The book will interest teachers and students of general protozoology, for whom the book 
has been written. It is not intended to be an adequate guide to clinical protozoology. 
Some of the information about human parasitic protozoa is obsolete or deficient. The 
outmoded term "haemozoin” for instance is applied to malarial pigment now identified as 
hematin. The statement appears that “A. gambiae . . . now seems to be under control 
(in Brazil)”; actually the species was eradicated from Brazil in 1940. Therapeutic malaria 
is described as “a late utilization of the malarial organism in combatting another disease” 
although von Jauregg’s speculations on malaria therapy date from 1887 and his clinical trials 
from 1917. The 1944 revision of Craig’s monograph on amebiasis is apparently unknown to 
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the author who quotes from the earlier edition of 1934. No reference is made to the use of 
Field’s stain in the diagnosis of malaria or to the zinc sulphate technic of stool examination 
for protozoan cysts. 

The only serious errors noted were the statements that vivax paroxysms recur every third 
and quartan paroxysms every fourth day. Misprints were observed only on pages vii and 
711. 

Elliston' Farhell ' 

Science and Scientists in the Netherlands indies, by Pieter Honig, Ph. D., Member of the 
Board for the Netherlands Indies, Surinam and Curacao; etc., and Frans Verdooen, 
Ph.D., Botanical Advisor to the Board for the Netherlands Indies, Surinam and Curacao; 
etc. 1945, New York City, Board for the Netherlands Indies, Surinam and Curacao. 

In a series of original articles, reprints, biographical sketches and reviews which recount 
the development and present status of science in the Netherlands Indies, this volume 
presents a fascinating and authoritative picture of the Indonesian environment. Nearly 
all of the articles are in English and it is gratif 3 dng to have a record of the advancement of 
Dutch science in the Far East available to the many scientific workers unfamiliar with the 
Dutch tongue . Reports of immediate interest to physicians include a review by Snapper of 
the contributions made to medicine by Eijkman, Swell engrebel, Otten and other Dutch 
East Indies physicians, a report by Donath on the history of Dutch investigations of beri- 
beri and a series of chapters on the history of cinchona cultivation. Medical men will also 
be attracted by the biographical note by Professor Sirks on Rumphius, the blind seer of 
Amboina, the Indian Pliny, one of the grandest figures in the history of science, whose 
life story is a source of profound inspiration. 

In summary, here is a book of great intrinsic interest which reveals to that large body of 
English and American scientists unable to read Dutch the substantial scientific achieve- 
ments of Dutch Colonials in the Netherlands Indies . To the extent that scientific advance- 
ment is a political goal, this volume presents a strong argument for the restoration of Dutch 
Colonial rule. 


Elliston Farrell 



TRANSACTIONS OF THE AMERICAN SOCIETY OF TROPICAL 
MEDICINE, FORTY-FIRST ANNUAL MEETING 

FORMER PRESIDENTS 

Thomas H. Fenton (deceased) 1904r-1905 

Roland G. Curtis (deceased) 1906-1907 

Jambs M. Anders (deceased) 1908-1909 

W. C. Gorqas (deceased) 1910 

W. S. Thateh (deceased) 1911 

Joseph F. White 1912 

Edward R. Stitt 1913 

Richard P. Strong 1914 

Charles F. Craig 1916 

Milton J. Rosenah 1916 

Bailet K. Ashford (deceased)..-. 1917 

C. C. Bass 1918 

Henrt J. Nichols (deceased) ,.1919 

John M. Swan 1920 

Victor G. Heiser 1921 

George Dock 1922 

Allen J. Smith (deceased) 1923 

Samuel T, Darling (deceased) 1924 

Joseph F. Siler 1925 

George C. Shattuck 1926 

Charles S. Butler (deceased) 1927 

William E. Deeks (deceased) 1928 

Kenneth M. Lynch 1929 

Sidney K. Simon (deceased) 1930 

Frank Smithies (deceased) 1931 

George R. Callender 1932 

Frederick F. Russell 1933 

Edward B. Vedder 1934 

Henry E. Meleney 1935 

Herbert C. Clark 1936 

Mark F. Boyd 1937 

Alfred C. Reed 1938 

Louis L. Williams 1939 

Thomas T. Mackie 1940 

Ernest Carroll Faust 1941 

N. Paul Hudson 1942 

Wilbur A. Sawyer 1943 

R. E. Dyer 1944 

J. S. Simmons 1945 

COMMITTEES 

(Chairmen are listed first) 

Membershij): M. H. Soule, J. S. D’Antoni, F. J. Brady. 

Award of the Walter Reed Medal: H. E. Meleney, C. F. Craig, H. C. Clark. 

Bailey K. Ashford Award: J. S. Simmons, R. A. Lambert, G. C. Shattuck. 

Charles F. Craig Lecture; N. P. Hudson, E. G. Hakansson, H. H. Anderson. 

Honorary Membership: T. T. Mackie, M. F. Boyd, A. J. Warren. 

Program; N. H. Topping, C. F. Craig, M. D. Young. 
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Teaching of Tropical Medicine: M. H. Soule, E, C. Faust, T. T. Mackie, P. Morales-Otero 
H. W. Brown. ’ 

Posi-War Tropical Medicine: A. J. Warren, L. T. Coggeshall, E. H. Himnan, N. H. Top- 
ping, 0. B. McCoy. 

REPRESENTATIVES TO OTHER ORGANIZATIONS 

American Foundation for Tropical Medicine: E. I. Salisbury. 

American Society of Parasitologists: J. T. Culbertson. 

American Association for the Advancement of Science: H. C. Clark, E. C. Faust. 

Division of Medical Sciences of the National Research Council: H. E. Meleney (for a period 
of 3 years from July 1, 1944). 

Meeting in Cincinnati, Ohio, in Conjunction with the National Malaria 

SoCIETT AND THE AMERICAN AcADEirT OP TrOPICAL MeDICINB, AS GuESTS 

OF THE Southern Medical Association, November 12-15, 1945. 

BUSINESS MEETINGS 

The Minutes op the Council Meeting 

The annual business meeting (which was preceded by the annual luncheon) of 
the Officers and Council of the Society was held at 12:30 p.m. on Tuesday, No- 
vember 13, at the Gibson Hotel. Those present were: Doctoi's C. F. Craig, 
J. S. D’Antoni, R. E. Dyer, J. F, Kessel, 0. R. McCoy, P. F. Russell, E. I. 
Salisbury, J. S. Simmons and R. B. Watson. Those absent were Doctors G. R. 
Callender, L. T. CoggeshaU, E. G. Hakansson and A. J. Warren. The Society 
had the pleasure of hatdng one of its former presidents, Dr. H. C. Clark, present 
at this time. The President, Dr. R. E. Dyer, presided. 

1. The minutes of the previous meeting, November 14, 1944, were accepted as 
published in the March, 1945, issue of The American Journal op Tropical 
Medicine. 

2. The president appointed Doctors McCoy and Watson as the Resolutions 
Committee. 

3. The Secretary’s report was presented as follows: 

Membership: The total active membership of the Society as of November 13 
is 1,309, as compared with 1,213 on approximately the same date in 1944. The 
increment and other changes are as follows: 

8 deceased 
4 resigned 

19 delinquent in 1945 

121 new members were added during the year and the names of 44 others ivill 
be proposed for Council approval at this meeting, making a total of 165 members 
elected in 1945. 

2 Honorary members were elected during the year. 

At the present time the Society has 4 Emeritus and 22 Honorary members. 
In addition (and in addition to subscriptions by libraries, institutions, etc.) 19 non 
members subscribe to The American Journal of Tropical Medicine. The 
Society thus carries a total of 1,398 names of individuals and organizations on its 
books at this time, as compared to 1,251 at the end of 1944. 
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At the present time the status of 8 members is completely unknown, including 
military men in this country and overseas and members in this country whose 
mail has not been returned and who have undoubtedly joined the Armed Forces 
without notification of their changes of address to the Secretary of the Society. 

Certain details concerning the membership are of interest: 

There are 627 non-military members, of whom 456 are within, and 171 outside 
of, the Continental United States. 

There are 498 members in service, of whom 275 are stationed vithin, and 223 
outside of, the Continental United States. 

There are 173 members “in status quo,” divided as follows: 17 (both military 
and non-military) are in areas in which mail service is stiU suspended; 9 are non- 
military delinquents for 3 years whose mail has been returned; and 37 are 
military delinquents for 3 3'ears whose mail has been returned. The remaining 
109 are members whose delinquency is less than 3 years, whose mail has been 
returned, and for whom no forwarding addresses are available. 

The roster of new members approved during the j’^ear and the roster of members 
to be approved at this meeting appear immediately following tliis report. Those 
who resigned from active membership during 1945 are: 

Hiham J. Bush Rene J. Dubos 

Roland C. Connor Thomas B. Turner 


With regret the names of the following members are listed as having died 
within the past year: 


W. N. Bispham 
Israel J. Kligler 
Oswald E. Dennev 
Thomas Maxwell 


Lawrence Getz 
Ratmond C. Shannon 
Richard G. Henderson 
Charles G. Sinclair 


Captain Thomas Maxv’ell was killed in line of duty. As usual, letters of con- 
dolence were sent to the families of deceased members, as is the custom 
whenever the Secretary’s office is notified or learns of the deaths. 

Circular Letters: The followiag circular letters were sent out in 1945 to the 
Officers and Council: 

March 13, containing information of the profit received from Williams & 
W gikins in the amount of 82,099.35 and announcing that the Office of Defense 
Transportation had curtailed all meetings in 1945 until further notice. 

May 12, stating that the prospects of holding the annual meeting appeared 
better and asking suggestions for the program. 

July 24, outlining plans, in the event that the annual meeting could not be 
held, to set a date for holding a Council meeting; to utilize papers sent in for the 
meeting in The American Journal of Tropical Medicine; and to confer the 
Bailey K. Ashford Award. 

September 15, announcing that the annual meeting would be held in Cincinnati 
November 12-15, and that Colonel Paul F. Russell had been selected to deliver 
the Charles Franklin Craig Lecture. 
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October 2, gi\dng as many details of the meeting as were then available and 
asking for suggestions for speakers on the program. 

October 9, giving a tentative schedule of events for the meeting and comment- 
ing on the difficulties of preparing a program under the existing circumstances 
and Avith such brief notice. 

October 26, announcing that Dr. James Watt had been nominated for the 
Bailey K. Ashford Award. 

Circular letters listing the names of new members for Council approval were 
sent out February 7, June 4 and October 2. 

Action of the Council hy Correspondence: 

(a) Approval of the names of 121 applicants for membership in the Society 
during 1945 (2/7, 6/4 and 10/2). 

(b) Approval of changing the Council meeting at the annual meeting from 
Monday to Tuesday (10/2). 

(c) Approval of defraying traveling expenses to the meeting of the Editor of 
The American Journal of Tropicae Medicine, Colonel Charles F. Craig 
(10/26). 

The teiTn of the present Secretary expires with the 1945 meeting of the So- 
ciety, and he may properly make cei-tain comments on the business of the office. 
He has been fortunate, because of his personal office arrangements, in keeping the 
expenses of the Society at a minimum, but future secretaries may be less for- 
tunate. It is therefore recommended that hereafter an allowance up to $100 
per month be allotted to the Secretary of the Society for office assistance, and 
that if he finds it impossible to operate the office wdthin this limit, he ask for an 
increase of the sum b 3 >’ Council action. It is also recommended that in the future 
the traveling expenses to the annual meeting of both the Editor of The Journal 
and the Secretary of the Society be paid by the Society. The income of the So- 
ciety Avarrants the expenditures proposed. 

To simplify the transition in the Secretary’s office and to facihtate the w'ork of 
the Secretary to be elected at this meeting, the following proposals are made: 

(a) ' That the outgoing Secretary send out bills for the coming year, making 
them payable to the incoming Secretary. 

(b) That the outgoing Secretary be allowed a period of 20-30 days from the 
date of the meeting to clear up secretarial and financial mattera presently under 
way. 

(c) That the outgoing Secretary complete Volume 2 of Tropical Medicine 
News and that the financial account of the News be given to the incoming Secre- 
tary (the Secretary of the Society also being Editor of the News) after the close 
of the calendar year. 

(d) That the incoming Secretary at once obtain quotations for publication of 
the News as well as contracts for advertising for 1946. 

The Secretaiy again expresses his sincere appreciation of the cooperation shown 
to him by the Officers, Council and members of the Society during the past y^r. 
The brief advance notice of the annual meeting naturally made it impossible 
to execute all plans as efficiently as might be desired but thanks to the coopera- 
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tion of all concerned, a successful meeting M'as planned and held. Attention is 
again called to the excellent cooperation of the Southern Medical Association, 
through its Secretarj’^-hlanager, Mr. C. P. Loranz, Muth this Society. 


ROSTER OF NEW MEMBERS APPROVED IN 1945 


Abramson, Wilbram 
Adamson, Widuam B. 
Addis, Clarence J. 
Adler, David L. 
Alvarado, Carlos A. 
Baillie, James H. 

B.AKER, John M. 
Balamhth, William 
B-uinett, Rot N. 

B.^tes, Muiston 
Bacer, Franz K. 
Beckste.^d, James Leivis 
Beinar, Peter Joseph 
Berle, Beatrice B. 
Bistovtish, Joseph M. Jr. 
Bland, C. Brinlei' 
Brenner, Joel Jerome 
Bunting, Hbnrt 
Burns, John Llotd 
Butler, Fred Arthur 
Calabrese, Arthur B. 
Caldtvell, John William 
Cjuipbell, Frank C. 
Chesnice, Reuben B. 
Chidset, Andrew D. Ill 
Coen, William B. 

Crespo, Julio A. 
Daniels, Charles J. 

Dao, Luis 
D.^rrow, Edith j\I. 

Diaz, Fernand 
Dille, Charles A. 
Dowrie, Jasies 0. 

Doyle, Francis E. 
Dumanis, Abraham A. 
Ehrenreich, Theodore 
Elordut, Carlos Calero 
F.abish, Clarence G. 
Fedeh, Aaron 
Flaiz, Theodore R. 
Forman, Douglas 2v. 
Gagnon, Bernard H. 
Goldbloom, a. Allen 
Goldman, Leon 
Gustafson, Carl J. 
Hamblet, John B. 

Hart, Thomas A. 

Hartz, Philip H. 


Harvie, Fred H. 

Hausheer, Walter C. 
Hentel, William 
Herrera, Julio Roberto 
Hooi’Eb, Carl H. 
Humphrey, Arthur A. 
Hunt, Talmage Evelyn 
Ingham, George Kenneth 
Jacobson, Frank J. 

Jarcho, Leonard W. 
Johnson, Eleanor M. 
Johnston, Harold M. 
JoRON, Gut Ernest 
ICaung, David Tuh-Whe 
Ivellt, Howard Garfield 
Kirn, Joseph D. 

Knight, Leon A. 

Kolmer, George A. L. 
Kuhn, Fbederick L. 
Kulcs^, Desider 
Kuntz, Robert E. 

Ladd, Arthur C. 

Lamar, Robert F. 

Levy, Bertram L. 
Liebmann, James 
Lilly, Chahles O’Dowd 
McCreary, Tho.mas W. 
McMorrow, Clyde Henry 
Mamula, Peter S. 

Mabkell, Edward K. 
Megibow, Raymond Samuel 
Morgan, Julia 
Mugrage, Edw.^hd R. 
Mukroe, Eugene G. 
Murray, Thojias A. 
Muschel, Louis H. 

Keghme, Amador Rodriguez 
Nelson, E. Clifford 
Newton, William A. 
Noehren, Theodore Henry 
Oliver, Samuel 
Pare, J. Peter Arthur 
Paul, Jebo.’iie T. 

Payne, Eugene Harold 
Peterson, Carl IMelancton 
Pollack, David 
Poole, John B. 

Rogers; Mart E. 
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Rudolph, Lionel 

Sun, Chih Jung 

Schick, Araun F. 

Sutton, Gerald L. 

SCHILDKROUT, HERMAN 

Tainted, Maurice L. 

SCHLEIFSTEIN, JOSEPH I. 

Tavsend, Milton Edwin 

Schofield, Adolfo P. 

Thetford, Norman D. 

Seashore, Rosel Theodore 

Thomson, Henry H. 

Shapiro, Lorne 

Tillema, Sikke 

Sheldon, Albert John 

Tobias, Norman 

Shrader, Jack Courtnet 

Tunick, Arthur M. 

Sloan, Norman R. 

Vergara, Humberto 

Smith, Hugh H. 

WissEMAN, Charles L. Jr. 

Stover, Irwin 

Woo, Theresa T. 


Woolington, Sam S. 

Listed beloAV are the neiv members Aiffio have been approved by the member- 
ship committee but upon which the Council action has not been thken: 

Advocate, SEATiiouR 

Kerr, Kathel B. 

Allen, Ralph F. 

LaVerne, Albert A. I. 

Baird, Elwood E. 

Mackenzie, Seymour G. 

Blue, Gordon D. 

MacLeod, Ian Murray 

Boles, Clifford R. 

McGoey, Charles J. 

Bozarth, Clatje L. 

McNalley, Norman Henry 

Brosseau, Bernard L. P. 

Maren, Thomas H. 

Buhchenal, Joseph H. 

Matson, James R. 

Cohen, Irvin Joseph 

PijoAN, Michel 

CoNDiE, Robert S. 

Pugh, H. Lamont 

Dammin, Gustave J. 

Rozov, Aurelia 

Davis, Murray McCulloch 

Sabin, Albert 

Donnell, Margaret M. 

Schapiro, Mark M. 

Eilert, Mary Louise 

Shookhoff, Howard B. 

Ellis, John M. 

Simmons, Samuel W. 

Evans, Alfred S. 

Sinderbrand, Robert E. 

Eveland, Warren Chester 

Stubbs, Trawick H. 

Gillespie, Frank S. 

Town, Floyd R. 

Gradwohl, Rutherford B. H. 

Tullis, John L. 

Hardy, Albert V. 

van den Berghe, Louis S. 

Howe, Clifton D, 

Weinstein, Paul P. 

Jachowski, Leo Albert Jr. 

Welt, Louis G. 


4. The follo^ving action was taken on the Secretary’s report: 

(a) 44 new members were elected by the Council. 

(b) 19 members delinquent in dues Avere dropped from the rolls. 

(c) Resignations submitted by 4 members were accepted. 

(d) The deaths of 8 members were noted with deep regret. 

(e) The sum of $100 monthly Avas voted to the Secretary for office expenses. 

(f) AlloAvance for traveling expenses of the Editor of The American Johrnah 
OP Tropical Medicine and of the Secretary of the Society to the annual meeting 
of the Society Avas approved as a permanent annual expenditure. 

(g) The suggestions made by the retiring Secretary for the taking over of the 
the office by the incoming Secretary Avere approved as made. 

(h) It was voted that all members of the Society presently “in status quo 
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should remain in that category and not be di-opped from the Society rolls, 
■whether or not they were delinquent in dues and regardless of the cause of their un- 
knoMTi whereabouts. It was further voted that when any member in this cate- 
gory made contact with the Society in the future he would be permitted to renew 
his membership ■without pajunent of back dues unless he cashed to receive back 
issues of The American Journal of Tropical Medicine, which fif they were 
available) would be supplied at the usual rate of $5.00 per annum. 

5. The report of the Treasurer was read (as follows) and accepted: 


CHECKING ACCOUNT 


Receipts 

Balance on hand, Novcmbcr'7, 1944 $920.80 

Membership dues 5051.58 

Williams &■ Wilkins Companj' for profit on Volume 24 (1944) 

of The J ournai. 2099 . 35 

Checks not cashed by members (1944) 6.34 

Refunds of exchange paid — 3'ear 1944 16.35 

OverpajTnents, refunds from publisher, etc 61.10 

Total 


$8155.52 


Disbursements 


To Charles F. Craig, Editor of The Journal for secretarial 

assistance 

To Secretary, J. S. D’Antoni, for secretarial assistance year 

1945 

Postage 

Stationerj' and printing 

Telegrams and telephone calls 

Exchange paid bank on deposits for 1945 

Bank Charges 

Checks returned (not sufficient funds) 

Refunds of overpasunent for dues 

Extra copies of Ne'WS sent malaria units overseas 

Federal withholding tax paid 

U. S. War Savings Bonds — Series F 3 — $1000 (matxirity value) 

— $740.00 each 

Williams & Wilkins Co., Publishers, for The Journal 

Incidental Expenses 

Total 

Balance on band, November 7, 1945 


200.00 

583.00 

146.84 

73.69 

12.12 

24.83 

8.83 

10.00 

24.76 

24.00 

7.20 

2220.00 

3963.34 

6.20 


$7304.81 

850.71 


$8155.52 


ASSETS 


Balance in checking account 838.87 

Petty cash on hand 11.84 

U. S. War Savings Bonds — Series F* 4662.00 

Addressing machine (purchased 1944 — cost) $124.88 

Filing cabinet (purchased 1942 — cost) 21.43 146.31 


$5659.02 


* The amount shown is the purchase price. The bonds will not mature for 12 years from 
date of purchase. 
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LIABILITIES 

Due Williams & Wilkins Company for subscriptions 


to Journal 154.00 

Net Assets $5505.02 


Doctors J. F. Kessel and P. F. Russell were appointed by the Chair to audit 
the Treasurer’s books and to approve them if correct. 

6. The report of the Editor of The Journal, Colonel Charles F. Craig, was 
presented as follows: 

The Editor is pleased to report that with the issue of the hTovember number of 
The Journal it will complete its twenty-6fth year with the largest circulation in 
its liistory, a circulation which will probably not be exceeded during the coming 
year as it is natural that with the demobilization of tiffe thousands of physicians 
who have served during the war there will be a lessened interest in tropical medi- 
cine. It is believed, however, that this interest will be maintained to a large 
extent and that the circulation of The Journal will continue to be satisfactory. 

With the signing of the new contract with the publishers, The Journal will 
continue to be a source of income to the Society, as it was during the year 1944, 
and it is a matter of satisfaction to the Editor that from a deficit of nearly 
$8,000 when he became Editor, it is now a “paying institution,” with the old 
debts settled and a substantial amount standing on the credit side of the ledger. 
This fortunate position is due to the earnest efforts of our secretaries in building 
up a larger subscription list and to the many contributors who have enabled us to 
publish such valuable papers upon subjects concerm'ng tropical medicine. Our 
thanks are also due to the Rockefeller Foundation, which has paid for the 
publication of many most valuable and interesting papers contributed by its 
members, and to other institutions and authors who have paid similar expenses 
in whole or in part, thus enabling us greatly to exceed our page allowance and to 
add to the scientific value of The Journal. 

During the past year it has been impossible for the publishers, by reason of 
manpower shortages, unskilled labor, and the necessity of fulfilling Government 
contracts, to publish The Journal on time, and we are thankful to our subscrib- 
ers that this fact has been recognized and for their patience. At the present time 
the September number is almost ready for distribution and the proofs of the No- 
vember number have been corrected and sent to the printer. It is therefore 
hoped that it will not be long before The Journal will again be published 'on 
schedule. 

Because of the shortage of paper it was necessary to reduce the size of the tyiie 
and to print The Journal in a double-column format during 1945. This change 
did not improve the appearance of The Journal, but it did enable us to print 
more papers m a smaller space. With the January, 1946, number, we nail return 
to the former format, which employed a larger type and a smgle-column page. 

Owing to the limitation on pages in The Journal long papers cannot be 
printed unless the author or the institute from wluch they come is irilling to de- 
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fray the cost of excess pages. At the present time each author is allowed 6 pages 
and 2 full page plates, and the Editor would ask that authors bear this in mind 
in submitting papers for publication. 

There has been a very satisfactory increase in clinical papers during 1945, 
many of them originating from the Army, Navy and Public Health Services. 
This has made The Journal of greater interest to clinicians, and the Editor hopes 
that clinical papers will continue to be submitted, as well as purely scientific con- 
tributions. He regrets that owing to the very large number of papers submitted 
during the past year, he was forced to return many valuable contributions be- 
cause of lack of space, but it is most encouraging that this condition existed, as 
it demonstrates the greatly increased interest in tropical medicine and the good 
opinion held of The Journal by those who contributed the papers. This situa- 
tion could be corrected by publishing The Journal every month, but the Editor 
does not believe that the time is yet ripe for such a venture by the Society. It is 
believed that we should wait until reconversion is completed before attempting 
monthly publication, for until that time one will not be certain of the effect upon 
the subscription list of the termination of the war and the probable loss of interest 
in tropical medicine by many ph 3 ^icians who are now subscribers and members 
of the Society. 

In closing, the Editor desires to express to the Secretary and other officers of 
the Society, and to the authors who have submitted papers to The Journal, his 
thanks and appreciation for their support and patience during the trying times of 
the past year. Despite the delay in publication, there have been very few com- 
plaints and he desires to express his appreciation of the support that has been 
given him by the members of the Society throughout the year. 

7. The following action was taken on the Editor’s report: 

(a) It was received with a special vote of thanlis for Colonel Craig’s valuable 
work. 

(b) The sum of S200 was voted to the Editor for secretarial assistance, during 
1946. 

8. The report of the Editor of Tropical Medicine News (Dr. Joseph S. D’Antoni) 
was presented as follows: 

With the appearance of the December, 1945, issue (which will not appear until 
Januarj’’, 1946, because of delay in the publication of the October, 1945, issue), 
Tropical Medicine News will have completed its second year. All issues of Vol- 
ume 2 were publiriied in New Orleans by the Busy Printing Company. Arrange- 
ments with this compan}’- have been most satisfactor 3 ^ The charges are minimum 
($154.50 for 1,500 copies of each issue), the publication is mailed out within 3 to 4 
weeks after copy is delivered, and cooperation is excellent. 

The Editor is happy to report that during its second year of existence Tropical 
Medicine News continued to ser\'e the Society as an up-to-the-minute news bulle- 
tin, as emdenced by numerous requests to be placed on the mailing list by li- 
braries, pharmaceutical houses, and Federal and state health departments. In 
addition, 200 copies of each issue are sent, without cost to the Society, to Lieu- 
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tenant Colonel Oliver McCoy of the Dhision of Preventive Medicine, Office of 
the Surgeon General, whence they are distributed to malaria units stationed 
overseas. The mailing list of the News for the October issue totaled 1,385 copies. 

Advertising space was requested during the year by the Winthrop Chemical 
Company, Inc., and Merck & Co. Previously all advertising space has been 
pre-empted by G. D. Searle & Co., Wyeth, Inc., and Eli Lilly & Co. An arrange- 
ment has been worked out to divide the advertising space in the 6 issues per year 
among these 5 firms. 

As reported in various issues of the News during 1945, a contest is imder way to 
pro%'ide a new' cover for the bulletin, to replace the present greatly discussed 
cover. The 3 designs submitted in this contest, together with the present cover, 
will be exhibited and voted on (by number) at the hospitality sessions. The 
winner of the contest is to receive as award the sum of $25.00, in the form of re- 
mission of dues to the Society for 5 years and subscription to The American 
J otTRNAi/ OF Tropical Medicine for the same period. The outcome of the con- 
test will be reported in the News. 

As mentioned in the Secretary’s report, it is recommended that the present 
Editor or the News publish the December issue, after which material for future 
issues, as w'ell as all accounts and files, be forwarded to the new Secretary-Editor. 

Attention is again called to the fact that the News can be successfully edited by 
the Secretary of the Society only if a constant flow of material of interest to the 
membership is regularly available. No editor can of himself publish an interest- 
ing bulletin. The cooperation of the W'hole membership is essential if the News is 
to continue to flourish and properly to represent the American Society of Tropical 
Medicine as its official bulletin. 

The difficulties in issuing the October number of the News illustrates what lack 
of cooperation can be responsible for. Because of insufficient material publica- 
tion was delayed for 5 weeks. As a result, even though the printer by overtime 
w'ork rushed the issue through and produced it is 2 weeks, instead of in the usual 
3-4 weeks, the membership w^as not adequately informed that the annual meeting 
would be held. As a further result, many members will not attend the meeting, 
either, because they had no notice of it, or because they could not secure hotel 
accomodations, all rooms being completely sold out 3 weeks before the meeting. 
If material had been available, the October issue could have been published in 
advance of the regular publication date, and fuU information concerning the 
hastily scheduled meeting could have reached the members in time for them to 
act on it. 

Furthermore, members should feel responsible for sending in news items about 
themselves and their associates. The Editor is aw'are that many persons feel a 
certain bashfuhiess in this respect. Actually, their cooperation is desired and 
appreciated by the readers of the News, and greatly lightens the w'ork of the 
Editor. It is hoped that the new Editor will have the full cooperation of the 
membership in this regard. 

9. The report of the Editor of the News was accepted ' with special 
commendation. 
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In addition, the financial report for Tropical Medicine News for 1944 was ac- 
cepted as published in the Februarj-, 1945, issue, and the estimated financial 
report for the calendar year of 1945 was heard, 

10. The following committee reports were presented : 

(a) The Commitlce on Honorary Membership. The name of Major General 
Gordon Coveil was presented from the floor, and the nomination was accepted. 
It was voted that the names presented b3’- this committee be forwarded to the 
incoming committee for consideration. 

(b) The Membership Committee. This report is included in the report of the 
Secretmrj' (section 4a). 

(c) The Walter Reed Medal Committee. Members of this Committee were 
notified that this award will be available in 1946. 

(d) The Charles F. Craig Lecture Committee. The selection of Colonel Paul F. 
Russell to present this lecture was noted. 

(e) The Program Committee. (For the complete program see pp. Z72-d77) 

(f) The Committee on War and Post-War Tropical Medidnc. This Committee 
proposed the following resolutions: 

1. That the Societ}* encourage the biological laboratories to make certain diag- 
nostic antigens commerciallj’’ available, in order to assist physicians at large in 
the diagnosis of tropical diseases. The list tentativel3’^ might include the antigens 
for echinococcus, schistosomiasis, coccidioides, filariasis, and possibly Endamoeba 
histolytica antigens for complement fixation. 

2. That the Secretaii' of the Societ}’’ be instructed to notify the Veterans Ad- 
ministration of the past action of the Society and the resulting opportunities for 
the training of personnel in tropical diseases at the Public Health Ser\dces Center 
in Atlanta, Georgia. 

3. That the Secretary of the Society be instructed to inform the Public Health 
Services Training Center in Atlanta, Georgia, that it is the opinion of the Society 
that introduction of Ancylostoma duodenale by returning military personnel is a 
definite possibilit3', and that the Training Center take suitable steps for the dis- 
seminatiou of this and other pertinent information concerning infection with this 
organism to public health agencies and practising -physicians. 

4. That the Secretary of the American Societ3’^ of Tropical Medicine be in- 
structed to send the following letter to the President of the United States: 

The wartime experience of the United States during the last few years has em- 
phasized the importance of tropical medicine and the control of tropical diseases, 
not onl3’' to the Medical Departments of our Army, Navy and Public Health 
Ser\dce, but to the entire civilian medical profession of the country. The pro- 
tection of American citizens against tropical diseases in the future will depend on 
the prolusion of adequate facilities for training our ph3rsicians in tropical medicine 
and for research on tropical diseases. 

The opportunities for such training and research are now woefully inadequate 
within the boundaries of the United States. This fact was evidenced by the lack 
of sufficient persoimel experienced in the control of tropical diseases to meet the 
needs of the armed forces at the beginning of the war. Because of this deficiency 



370 


TRANSACTIONS 


the Army and Navy were forced to establish special emergency educational pro- 
grams in order that their personnel might at least have some elementary training 
in the diagnosis, treatment and prevention of these dangerous illnesses. 

The American Society or Tropical Medicine is greatly concerned with the fear 
that this essential phase of post-war American medicine may be allowed to de- 
teriorate to its pre-war level. Therefore, the Society earnestl}’- and strongly 
recommends that the Government of the United States provide sanction and 
support of an arrangement designed to afford facilities in a place or places in 
suitable areas of the tropics for training in the tropical diseases and where re- 
search in this specific field may be accomplished. Specifically, it is recommended 
that funds be provided and that arrangements be made with other governments 
for the immediate and active development of this important phase of American 
medicine. 

The members of the American Society of Tropical Medicine will be glad to 
assist in making specific plans for the achievement of tliis objective. 

The name of this Committee was by vote changed to the Committee on Post- 
War Tropical Medicine. 

(g) Bailey K. Ashford Award -Committee. The report of this Committee is 
included m the report of the Secretary (section 3). The Secretary of the Society 
was informed by the Eli Lilly Company, donors of the Award, that it would be 
available on three additional occasions, that is, every second year for the next 6 
years. 

(h) The Committee of the Teaching of Tropical Medicine. This report, which 
was prepared for the Chairman, Dr. H. E. Meleney, will appear in a forthcoming 
issue of Tropical Medicine News, 

(i) The Resolutions Committee. It was recommended to the Society that let- 
ters of appreciation be sent to the following individuals and organizations: Mr. 
C. P. Loranz, Secretary-Manager of the Southern Medical Association; Colonel 
Paul F. Russell, Charles Franklin Craig Lecturer for 1945; the Hotel Gibson; 
the Racquet Club of Cincinnati; the Kenton-Campbell Medical Society; Dr. 
Joseph S. D’Antoni, retiring Secretary-Treasurer of the Society. 

11. The report of the Society representative to the American Foundation for 
Tropical hfedicine was reported verbally by Dr. E. I. Salisbury, who summarized 
the meetings held by the Foundation during the year, upon which he had been 
in attendance. Dr. Salisbury was appointed representative to the Foundation 
for 1945-1946. 

The American Society of Parasitologists had had no meeting during the year, 
and the Society representative to it therefore had no report. The same was true 
of the American Association for the Advancement of Science. 

12. It was voted to continue affiliations with the Southern Medical Association 
and the National Malaria Society until this action should be rescinded by the 

Council. ^ 

13. It was voted that the Secretary of the American Society of Tropical Medi- 
cine and the Secretary of the National Malaria Society make all possible efforts 
to prevent conflicts of simultaneous scientific sessions at future meetings of these 
organizations. 
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14. The Council voted to propose the following ballot of new officers to the 
Society: President-Elect, Edward I. Salisbury; "Tice-President, Joseph S. 
D’Antoni; Secretary-Treasurer (for 3 years), Norman H. Topping; Council for 
4 years, Justin Andrews and Milford E. Barnes, and for 3 years, to fill the un- 
expired term of Edward I. Salisbury, Paul F. Russell. 

15. Appointments were made by the Council to the Committee on the Teach- 
ing of Tropical Medicine, the Walter Reed Medal Committee, and to the Com- 
mittee on Post-War Tropical Medicine. These appointments, and the appoint- 
ments made by the President, appear on pages 1-2. 

16. New Business: 

(a) The meeting heard various letters concerning the Secretary’s office dealing 
with routine matters. 

(b) The following resolution was received from the American Academy of 
Tropical Medicine: 

WHEREAS, the exigencies of recent years have intensified research on prob- 
lems in the field of tropical medicine, resulting in numerous and significant dis- 
coveries which materially contributed to the success of our military operations 
in foreign theaters, and 

WHEREAS, since the general interest in tropical medicine is more wide- 
spread than at any time in the past, and the medical profession is keenly aivare of 
these problems which become more pressing because of the phenomenal growth 
of international air travel, and 

WHEREAS, it is important that information of these discoveries be brought 
to the world in order that with the return of peace the benefits of this knowiedge 
may be made available to promote the well-being of the people of the world, and 

I^TIEREAS, an international reunion of those who have contributed to these 
advances with others wffio may be qualified to disseminate their benefits is the 
most effective measure to generally diffuse this knowledge, and since such an 
international gathering of scientists will materially contribute to the better inter- 
national understanding and cooperation so essential to an enduring peace, 

BE IT RESOLVED, that the American Society of Tropical Medicine heartily 
endorse the proposal of the American Academy of Tropical kfedicine that an 
international congress on tropical medicine and malaria be held in the United 
States at an early date, and that the American Society of Tropical Medicine 
join with the American Academy of Tropical hledicine, in petitioning the State 
Department of the United States government to officially sponsor, and invite 
international participation in such a gathering at as earlj’^ a date as is regarded 
as opportime, and direct the secretary' of the American Societ 3 ’^ of Tropical Medi- 
cine to formally advise the State Department of this endorsement, 

AND BE IT FURTHER RESOLVED, that the President of the American 
Society of Tropical Medicine is authorized and empowered to appoint a member 
of the Officers and Councilors of the American Societj' of Tropical Medicine to 
represent the American Societ 3 * of Tropical Medicine on a committee composed 
of duty authorized and appointed represenlati\'cs of the 
American Academ 3 ’’ of Tropical Medicine 
American Society of Tropical ^fedicine 
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National Malaria Society 
American Society of Parasitologists 
Southern Medical Association 
American Medical Association 
American College of Physicians 

American Association for the Advancement of Science, and the 
Section on Medical Science of the National Research Council, 
to meet on call from the president of the American Academy of Tropical Medi- 
cine, for organization, and in their organized capacity to assist the State Depart- 
ment in developing, promoting and holding such a congress, and the American 
Society of Tropical Medicine ivill further give all practicable support to the reali- 
zation of this project. 

17. Action: (a) This resolution was accepted. 

(b) Colonel Paul F. Russell was selected to represent the Society. 

MINUTES OF THE ANNUAL BUSINESS MEETING 
November 15, 1945, 12:00 noon 

1. The minutes of the 1944 annual business meeting were accepted as pub- 
lished. 

2. The transactions of the Council as set forth in items 1, 3, 4, 5, 6, 7, 8, 9, 10a 
lOf, lOi, 12, 14 and 17 were approved. 

3. Adjournment followed. 

SCIENTIFIC SESSIONS 

The first scientific session of the Society was called to order at 9:00 a.m. Tues- 
day, November 13, in the Ballroom of the Hotel Gibson, by President Rolla E, 
Dyer, Washington, D. C. The program follows: 

1. A report of the activities of the Distributing Center for Parasitological 
Specimens, 1943-1945, by George W. Hunter, III, Major, Sanitary Corps, Army 
Medical School, Washington, D. C. No discussion. 

2. The tropical disease education program of the U. S. Public Health Service, 
by William S. Boyd, Trawick H. Stubbs and Paul P. Weinstein, U. S. Public 
Health Service, Atlanta. Presented by Doctor Boyd. Discussed by Doctors 
Barnes, Faust and McCoy. 

3. Opportunities for training and research in tropical medicine and public 
health in Mexico, by Manuel Martinez Baez, Salubridad & Asistencia, Mexico, 
and E. Harold Hinman, Institute of Inter-American Affairs, Division of Health 
and Sanitation, Mexico. Presented by Doctor Hinman. Discussed by Doctor 
Cort. 

4. Precautions by the Army to prevent the introduction of tropical diseases, by 
0. R. McCoy, Lieutenant Colonel, Medical Corps, AUS, Office of the Surgeon 
General, Washington, D. C. Discussed by Doctors Barnes, Craig, Faust, Kessel 
and Young. 

5. The Tenth Charles Franklin Craig Lecture on Tropical Medicine: Lessons 
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in Malariologj' from World War II, hy Paul F. Russell, Colonel, Medical Corps, 
AXIS, Array Medical Center, Washington, D. C. No discussion. 

6. hlalarial problems of the British Army, by F. S. Gillespie, Colonel, RAhlC, 
British Medical liaison Officer ivith U. S. Ai-mj*-, Carlisle Barracks. No discussion 

7. Tlie transmission of foreign vivax malaria relapsing in returned troops to 
ncurosj'philifcic pntienis, hy Martin D. Young, Joim M. Ellis and Tramck H. 
Stubbs, U. S. Public Health Service, Columbia. Presented by Doctor Stubbs. 
Discussed by Doctor Young. 

8. Methods for the study of insect repellents, by L. A. Jachowski, Jr., Lieu- 
tenant (jg) (H) USNR, and M. Pijoan, Lieutenant, Medical Corps, USNR, 
National Naval Medical Center, Bethesda. Presented by Lieutenant Jachow- 
ski. Discussed bj’’ Doctors Beckman, Fallis, Gillespie, Hertig and Pijoan. 

JOINT SESSION YTTH THE NATIONAL MALARIA SOCIETY 

The second scientific session of the Society ivas called to order at 9:00 a.m- 
Wednesday, November 14, in the Roof Garden of the Hotel Gibson, ivith Mr- 
H. A. Johnson, President of the National Malaria Society, and Doctor Rolla E- 
Dyer, Pi-esident of the American Society of Tropical Medicine, presiding. The 
program follows: 

9. Studies on imported malarias: II. Ability of California Anophelines to 
transmit malarias to foreign origin and other considerations, by Joseph A. hloore, 
hlartin D. Young, Tranick H. Stubbs and Newton F. Hardman, U. S. Public 
Health Sendee, hlalaria Research Laboratory, Columbia. Presented by Doctor 
Young. Discussed by Doctor Boyd. 

10. The Anopheles Gambiae problem in Brazil and West Africa, 1941-1944, by 
EUiston Farrell, Major, hledical Corps, AXIS, AAF School of Aviation Medicine, 
Randolph Field. Discussed by Doctors Russell, Kumm and Simmons. 

11. The suppressive effect of NIH-204 and atabrine against sporozoite-induced 
\dvax malaria (St. EKzabeth Strain), by G. Robert Coatney, W. Clark Cooper, 
Martin D. Young and Robert E. Burgess, National Institute of Health, Bethesda 
and Columbia. Presented by Doctor Cooper. 

12. The protective and therapeutic effect of quinine sulfate against sporozoite- 
induced \dvax malaria (St. Elizabeth Strain), by G. Robert Coatney, Da\ad S. 
Ruhe, W. Clark Cooper, Edward S. Josephson, Martin D. Young, and Robert E. 
Burgess, National Institute of Health, Bethesda and Columbia. Presented by 
Doctor Ruhe. 

13. The course of the complement-fixation in fift 5 ’’-three patients with sporo- 
zoite-induced vivax malaria (St. Elizabeth Strain), by Charles R. Rees, Samuel 
C. Bukantz, John F. Kent, G. Robert Coatney, W. Clark Cooper and David S. 
Ruhe, Army Medical School, Washington, D. C., and National Institute of Health 
Bethesda and Atlanta. Presented by Doctor Kent. 

The three preceding papers were discussed hy Doctor McCoy. , 

14. 2-Metanilamido-5-ChloropjTimidine, a potent agent in the prevention and 
suppression of avian malarias, bj’’ Emanuel Waletzky and Sterling Brackett, 
Research Laboratories of the American Cyanamid Company, Stamford. Pre- 
sented by Doctor Waletzky. Discussed by Doctor Cooper. 
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15. Blood oxygen in ducks mth malarial parasites, by R. H. Rigdon and H. H. 
Rostorfer, University of Arkansas School of Medicine, Little Rock. Presented 
by Doctor Rigdon. Discussed by Doctor Rostorfer. 

16. Effect of certain nutritional deficiencies on avian malaria, by Albert 0. 
Seeler and Walther H. Ott, Merck Institute for Therapeutic Research, Rahway. 
Presented by Doctor Ott. 

17. Effects of quinine on Saurian malarial parasites, by Paul E. Thompson, 
Mary Imogene Bassett Hospital, CooperstovTi. Discussed by Doctors Ackert, 
Brooke and Waletzky. 

18. Studies on Plasnwdiuyn cynomolgi in Rhesus monkej^, by Fruma Wolfson 
and Mary I^Tiitehead, Department of Protozoology, Jolms Hopkins School of 
Hygiene and Public Health, Baltimore. fB 3 '- title). 

19. Toxic reactions follovdng the administration of qumaciine hydrochloride, 
by Paul K. Smith, Major, AC, Chief of Department of Pharmacologj’-, AAF 
School of Aviation Medicine, Randolph Field. Presented by Doctor Smith. 
Discussed by Doctor Farrell. 

Discussion opened by Fratis L. Duff, Colonel, Medical Corps, AUS. 

The third scientific session was called to order Wednesday afternoon, Novem- 
ber 14, at 2:00 p.m., in the Roof Garden of the Hotel Gibson, by President Rolla 
E. Dyer. The program follows: 

20. Heat rash as a problem in the Naval Service, by Gerald J. Duffner, Lieu- 
tenant, Medical Corps, USN, National Naval Medical Center, Bethesda. Dis- 
cussed by Doctor Farrell. 

21. The activity of the heteropolar cationic antiseptics against cysts of Enda- 
moeba histolytica, by John F. Kessel and Frederick J. Moore, University of South- 
ern California School of Medicine, Los Angeles. Presented by Doctor Kessel. 
No discussion. 

22. Pathologic studies in monkey amebiasis, by Victor P. Bond, Warren 
Bostick, Eder Lindsay Hansen and Hamilton H. Anderson, University of Cali- 
fornia Medical School, San Fi'ancisco. Presented by Doctor Anderaon. Dis- 
cussed by Doctors Brooke, Clark, D’Antoni, Faust, Kessel and van den Berghe. 

23. Preliminary report on the evaluation of penicillin in the treatment of Yaws, 
by James H. Dwinelle, Lieutenant Colonel, Medical Corps, AUS, Charles R. 
Rein, Lieutenant Colonel, Medical Corps, AUS, Thomas H. Sternberg, Lieu- 
tenant Colonel, Medical Corps, AUS, and Albert J. Sheldon, Major, Medical 
Corps, AUS, Office of inter-American Affairs, Army Medical Center, and office 
of the Surgeon General, Washington, D. C. Presented by Major Sheldon. 
No discussion. 

24. Presentation of the Bailey K. Ashford Award to Doctor James Watt. 
Award was accepted for Doctor Watt bj'- Doctor R. E. Dyer. 

25. Tsutsugamushi disease (Scrub or mite-borne typhus) in the Philippine 
Islands during American re-occupation in 1944-1945, by Theodore E. Wood- 
ward, Major, Medical Corps, Cornelius B. Philip, Lieutenant Colonel, Sanitarj 
Corps, and Ralph R. SulHvan, Lieutenant Colonel, Medical Corps, United States 



THE AMEKICAN SOCIETY OF TKOPICAL JIEDICINE 


375 


of America Tj^ihus Commission and Eighth Army. Presented by Major Wood- 
Yrard. No discussion. 

26. Observations on the etiology and clinical features of Tsutsugamushi dis- 
ease (scrub tjTDhus) in New Guinea, b 3 ' Francis G. Blake, Yale University School 
of hledicine, Nev' Haven. Discussed by Doctors BercoAutz, Craig, Otto and 
Topping. 

27. Azotemia in tj^phus fever, by A. Yeomans, Lieutenant Commander, Medi- 
cal Corps, USNR, J. C. Snj'der, Lieutenant Colonel, Medical Corps, USA, E. S. 
Mun-ay, Lieutenant Colonel, IMedical Corps, USA, R. S. Ecke, Major, Medical 
Corps, USA and C. J. Zarafonetis, Major, Medical Corps, USA, United States of 
America Tj-phus Commission, Washington, D. 'C, Presented by Lieutenant 
Commander Yeomans. No discussion. 

2S. Cutaneous Diphtheria; Report of 140 cases, by Clarence S. Livingood, 
IMajor, Medical Corps, AUS, James S. Forrester, Lieutenant Colonel, hledical 
Corps, AUS, and Daniel Perry, Captain, Medical Corps, AUS, Office of the Sur- 
geon General, Washington, D. C. Presented bj" Major Liringood. 

29. Neurological complications of cutaneous diphtheria, by Herbert S. Gaskill, 
IMajor, Medical Corps, AUS, and Milton Korb, Captain, Medical Corps, 
AUS, Office of the Surgeon General, Wasliington, D. C. Presented by IMajor 
Gaskill. 

30. jMyocardial complications of cutaneous diphtheria, by Cahdn F. Kay, 
J^Iajor, hledical Corps, AUS, and Clarence S. Lhingood, klajor. Medical Corps, 
AUS, Office of the Surgeon General, Wasliington, D. C. Presented by Major 
Kay. 

Tlie three preceding papers were discussed bj’- Doctors Kessel and Stilrvell. 

The fourth scientific session vas called to order Thursday morning, November 
15, at 9:00 a.m., in Parlors N, 0, P and Q of the Hotel Gibson, with President- 
Elect James S. Simmons, Washington, D. C. presiding. The program follows: 

31. The development of Litomosoides carinii, Filariid parasite of the cotton 
rat, Sigmodon hispidus litoralis, in the tropical rat mite, Idponysms bacoti, bj’ 
Roger W. Williams, Lieutenant (jg), USNR, and Harold W. Brovm, School of 
Public Health, Columbia University, New York. Presented by Lieutenant 
Williams. Discussed bj’- Doctors Porter, Sandground and Young. 

32. A laboratory infection of the rat with filarial worms, by J. Allen Scott and 
Joj’- B. Cross, University of Texas School of Medicine, Galveston. Presented b'^ 
Doctor Scott. Discussed bj’’ Doctors Kessel and W^aiTen. 

33. Studies on the specificity of intreaderaa] tests in the diagnosis of fiJariasis, 
by Donald L. Augustine, Hani-ard Medical School, Boston, and Camille Lheris- 
son. Medical School, University of Haiti, Haiti. Presented by Doctor Augus- 
tine. Discussed by Doctor Warren. 

34. Serological relationships between antigenic extracts of Wnchereria han- 
crofti and Dirofilaria immiiis, by '\Rginia G. W^arren, Joel Warren, First Lieu- 
tenant, Sanitary Corps, AUS, and George W''. Hunter, III, Major, Sanitary Corps, 
AUS, Army Medical Center, Washington, D. C. Presented by Doctor Virginia 
G. Warren. No discussion. 
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35. Chemotherapy of luiman filariasis {Wncherma hancrofti) by administration 
of antimony compounds, by James T. Culbertson, Harry M. Kose, Federico 
Hernandez Morales, Jos6 Oliver Gonzalez and Caroline Pratt, Columbia Univer- 
sity, New York, and School of Tropical Medicine, San Juan, P. R. Presented by 
Doctor Culbertson. Discussed by Doctors Brovm, Faust and Martin. 

36. A comparative study of the clinical and pathological pictures in Sclnsto- 
soma mansoni and S. japonicum infections, by Louis van den Berghe, Institute of 
Tropical Medicine, Antwerp, Belgium. No discussion. 

37. The diagnosis of Scliistosomiasis Japonica: I. The symptoms, signs and 
physical findings characteristic of Schistosomiasis Japonica in a native family on 
Mindanao, Philippine Islands, by Ernest Carroll Faust, Tulane University 
School of Medicine, New Orleans, Willard H. Wright, U. S. Public Health Sernce, 
Bethesda, and Donald B. McMullen, University of Oklahoma School of Medicine, 
Oldahoma City. (Commission on Schistosomiasis, Army Epidemiological 
Board). Presented by Doctor Faust. Discussed by Doctors Brooke and 
Martin. 

38. Blood levels of antimony in persons receiving tribalent and pentavalent 
antimonials, by G. F. Otto, T. H. Maren and H. W. Brown, School of Hygeine 
and Public Health, Johns Hopldns University, Baltimore, and School of Public 
Health, Columbia University, New York. Presented by Doctor Otto. No 
discussion. 

39. Infectivity of Pacific Island Wnchereria bancrofli to mosquitoes of the 
United States, by Don E. Eyles, U. S. Public Health Service, Harry Most, Major, 
Medical Corps, AUS, and Martin D. Young, U. S. Public Health Service, Moore 
General Hospital, Swannanoa. Presented by Doctor Eyles. Discussed by 
Doctors Brenner, Martin and Young. 

40. Tolerance of fowls to moderate infections of ascarids and tapeworms, by 
J. E. Ackert and C. L. Wisseraan, Jr., Kansas State College, Manhattan, and 
Southwestern Foundation Medical College, Dallas. Presented by Doctor Ack- 
ert. No discussion. 

41. An attempt by feeding to induce in animals reactivity to TricMnella 
spiralis in the absence of infection, by G. T. Harrell, John Avera and Ellard 
Yow, Bowman Gray School of Medicine of Wake Forest College, Winston-Salem. 
Presented by Dr. Avera. No discussion. 

The following papers were listed by title or were not presented because of the 
essayists’ inability to be present at the meeting: 

42. The geographical distribution and laboratory diagnosis of Salmonella in- 
fections, by Oscar Felsenfeld and Viola Mae Young, Mount Sinai Medical Re- 
search Foundation, Chicago. 

43. The treatment of human filariasis (Wuchereria hancrofti) by administration 
of melarsen oxide, by Harry M. Rose and James T. Culbertson, Columbia Uni- 
versity, New York. 

44. ' The diagnosis of Schistosomiasis Japonica: II. The diagnostic character- 
istics of the eggs of the etiologic agent, Schistosoma japonicum, by Ernest Carroll 
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Faust, Tulane University School of Medicine, New Orleans. (Commission on 
Schistosomiasis, Army Epidemiological Board). 

45. Chemotherapy of Schistosomiasis bj’- the administration of Urea Stiba- 
mine (Squibb), by Federico Hernandez Morales, Jos6 Oliver Gonzalez and Caro- 
line Pratt, School of Tropical hlediclne, San Juan, P. R. 

OTHER EtTSNTS 

1. Tlie annual luncheon of the Society was held Wednesday, November 14 , at 
noon. The President of the Society, Dr. R. E. Dyer, Washington, D. C., who 
was introduced by the President-Elect, Brigadier General James S. Simmons, 
presented as his presidential address “^fedical research in the post-war period.” 
Former presidents were seated at the speaker’s table, as were representatives 
from the Academy of Tropical Medicine and the National Malaria Society. 

2. Well attended hospitality group sessions were held on November 12, 13 and 
14 at 5:00 p.m. Informal talks were made at these sessions by Dr. C. Larrimore, 
who spoke on the education of the GI in personal hygiene against tropical diseases, 
and by Dr. E. C. Faust, who discussed his trip to Le 3 i:e as head of the Commission 
on Schistosomiasis. 

3. Tlie American Academy of Tropical Medicine held its twelfth annual dinner 
at 7:00 p.ra. Wednesdaj', November 14, to which all members of the Society 
were invited. Dr. E. V. Cowdr^'’ was toastmaster. 

Dr. Mark F. Boyd, Tallahassee, Florida, presented as liis presidential address 
“International appraisal of tropical medicine.” 




H. U, 1. IVKS, \Y.' ]).. 1.W1I>:()N,-M.1'01.LA1{I)’ AM.. I. C. WOODLAND' 

t'lo!". till- /.Vi;/../) .s'i rriV( C'nrit'Kiiir/ l.iihorntm it, I'l-rl Sam I/ousln}i , Ttsay nmt limol.r Gnirnil 
//( '}))7(t/, lirt'nlr Arin>i Mt'tUriil ('tiitir, I'orl Sum Iliiintlou, ’J'dim 

SilUT iIh' >yntln>m(' of 15u11is fovc'r \v:is orifiiiially (k*.<cril)t'(l ( I ), llicro Ikivo boon 
nitlior juni-istonl informal opinions tlinl this disonso is ossontially ono of 
tho known ]in('v;ilonl dison'-os. ’Hiis was basod on somo similarity oithor in 
olinioal manifostation or in otiolouionl anont. 'I'lins far. no rolafionship has boon 
domonstmtod botwoon Hnllis fovor and tho riokottsial disoasos .snob as typhus, 
Q fovor. ni’.d Hooky Monnlain spottod fovor f2, 1) although they aro all a.s- 

sooiaHsl with arthrnj)otis and tin* Bnllis fov<'r a<ionl ha.s boon dosoribod as riokot- 
tsia-liko in morjjholofry, Xo rolation<hip has boon domonstratod botwoon Bullis 
>vor and (’olonulo tick fovor (.aftalthonixh thoso two disoa«os an* assooiatod with 
ticks, faialitios an* rolativoly r.uo. ami Irnth aro c*haraot(*ri-/od by tho (lovoloi)mont 
of a marked lonooiionia iti tho omn>‘(* of tho disoaso. 

Tho .syndromo of Bullis fov('r oxhibits a olinio.*d .similarity to doufruo fovor, only 
to tho oxtont of manifostini; a louooponia. Both an* assooiatod with arthropods, 
and havo a vory low falility rato. It was oonsidorc'd of import anco, however, 
that tho two disoa.so,' bo .studi(*<l immunolofrioally in order that any po.ssiblo ro- 
lationshij)s mitrht be* olariliofl. Since labonBory animals aro not vory susooptiblo 
oithor to Bullis fovor or to donjino fovor, tho stndio-s wore confined to inoculation 
oxporimonts in human volunteers, 

i;,\i'i;niMi:.vi At, iNOornATioxs 

Thn*c healthy mak* volunteers wore .s(*loctod for inoculation with the Bulli.s 
fovor apont ((’hart 1). Two of tho volunteers (1 and III) wore inoculated with 
tho yolk sjic propajiatod tick strain of liullis fever a}j;ont (5) — I.O re. subcutan- 
eously. One vohintocr (11) was inoculated with whole blood from a natural case 
of the disoaso — 2.0 cc. subcutaneously. The latter inoculum had been stored in 
the dry ice chamber for five months after collection. It, was then thawed and 
immediately inoculated. 

On the fourth day after the inocidation all three of the volunteers developed 
.symptoms of Bullis fever: {generalized malaise, leucoponia, headache, generalized 
lymphadenopathy, and a mild fever. Case I had been inoculated two months 
previously with normal chick embryo yolk .sac, from which no cfTcct was mani- 
fested. Subsequent, challenge with the Bullis fever agent indicated that there 
was no immunity induccfl to it by the normal yolk sac. These .symptoms, in- 
duced by the Bullis fever agent, are .similar to many of the naturall}" occurring 
cases of the disease, and had been previously reproduced, with minor modifica- 

' Colonel, AI.C., U.S.A. 

- Major, AI.C., U.S.A. 
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' Colonel, M.C., U.S.A. 


379 



3S0 


MVKSAV, W1T.S0X, POLLARD AND WOODLAND 


iions, it! twelve voiuntcor.s both with wliolc blood inoculations (1.0 cc. subcutan- 
einisly) and with chick embryo yolk sac propagated material of Imman and of tick 
origin . 'I’liis syndrome was considcre<l t,o be consistent with that of the naturally 
ocimrring disease. 


llHgggBngnnwBgiiHnnnwfwnnff;. 

Taaaa8Hia wiBBiB!P»i»J 

B WBBsaaaaMiBMlii 

ij.'iiiiT^WBgBg sa MM sa gBl 

■■Ksimlm&MSmci’snvfingBHSSSm^ 

■■QKgggngngHHHHaBKSIHHHHBHH'iffn 

gSBSSSSSS3S!SSSSSSSF>'^r 

— — 

_ _ iaaBBaaaaHaHBHi^Hr 

MBHHr iY 

rBBBBwni 
. JBBBI 

Bn)IBBBrrnRBfinBBBBBflBBB.inPiBB9|!9BBnB 

anKSBBTOBBBBBBBBBBBBflilB'WBBBeSiiinn 

VfBBBBBBBBBBliilBBBBBBBBflCmriflBBBnfY 

s3g8r”"' W88gggagaaiB i»sggg 

BBBHBBBBBBaBHBBBBBBflBflBiaBjnn^n 

BBBBBBBBBBBBBBBBItlvr^F^BBBflflBBBBIFC 

gggggggggggggggg i g gro^^B iS 

gsgggggggggsggggggssBggasi 

rniBBBaBBflBflBBBaflaaiBKSii^wISS 
nnSBBBflBBaflBBBflBBBBBBBiKjHI^Sr 


Chart I 


Twenty-seven days after the defeiwesence of Cases I, II, and III, eacli was 
inoculated intradermally with 0.4 cc. of dengue-infected human serum. In 

5 We are indebted to Lt. Col. A. B. Sabin, M. C. for the strain of dengue fever employed. 
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nddition, one normal control volunteer was similarly inoculated with the dengue 
fever material. A tj*pical syndrome of dengue fever developed on the sixth and 
seventh d.ay after inoculation in all four of the volunteers. This was charac- 
terized by generalized malaise, headache, leucopenia, and generalized rash. 

DISCUSSION 

The temperature reactions which wore induced with the Bullis fever material 
are not as high ns arc manifested by some of the naturally occurring cases; how- 
ever, selected later cases have demonstrated a resistance to challenge inoculations 
with the chick embrj'o propagated material. This fact and the coincident leu- 
copenia, malaise and h'mphadenopathy sen-e to support the significance of the 
febrile reactions which wore induced in the experimental cases. 

On the basis of this challenge experiment, no relationship between Bullis fever 
and dengue fever could be demonstrated. It is possible that strain variations 
may alter the results to some extent; however, the c\'idencc herein reported serves 
to differentiate the two diseases. This information serves to further delineate 
the clinical s3Tidromc of Bullis fever from other Icnown diseases which might 
appear to bear some resemblance to it. 
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THE RESIDUAL SPKAYING OF DWELLINGS WITH DDT IN THE 
CONTROL OF IVIALARIA TRANSMISSION IN PANAMA, WITH ‘ 
SPECIAL REFERENCE TO ANOPHELES ALBIMANUS* 

HAROLD TRAPIDO’ 

From Tropical Disease Control Section, Office of The Surgeon General, and 
The Gorges Memorial Laboratory, Panama, Republica de Panama 

INTRODUCTION 

Since the discovery of the transmission of human malaria by anopheline mos- 
quitoes, the most •v\'idel 3 '’ applied methods of mosquito control, other than nat- 
uralistic methods, have been those of draining or larviciding breeding areas and 
screening dwellings. Another technique which has been long known but less 
widely applied has been that of destrojung adult female mosquitoes found in 
dwellings. Orenstein (1913) records that as early as 190S the daily capture of 
mosquitoes in dwellings was employed as prophylactic measure against malaria 
in the Canal Zone. The work of Russell and ICnipe (1939, 1940, 1941) and Rus- 
sell, Ehipe, and Sitapathy (1943), in India, and the earlier work of De MeiUon 
(1936), in South Africa, has recently sen'-ed to focus attention on this method. 
These authors used pyrethrUm spraj'^s rather than hand catching. 

WTiere the malaria vector species involved is a domestic one the value of such 
a method is at once apparent. Since the “seed bed” of malaria is in the human 
population, the killing of the very mosquitoes which feed on this population is 
ob^^ously the most direct means of attack on the transmission of malaria. The 
method is in effect a further refinement of “species control” whereby selective 
destruction of potentiallj’’ infected mosquitoes is attained. 

In India, Russell, Khipe and Sitapathy dealt with anopheline vector species 
which were house-resting during the day. Using various pyrethrum sprays, and 
sprajdng at intervals of three to ten days, they secured excellent’ reduction of 
malaria rates. 

In Panama and the Canal Zone, as well as through most of the lowlands of the 
Caribbean area including the West Indies, Anopheles alUmanns is considered to 
be the principal vector of malaria. This species is wholly absent from dwellings 
during the da 3 ''light hours, or at best present in only small numbers. P 3 Tethrum 
sprays applied during the daylight hours in the maimer of Russell, Knipe and 
Sitapath 3 '' would, therefore, probably meet with only indifferent success in the 
Caribbean area, although the recent work of Metcalf and Wilson (1945) might 
indicate that P3’Tethrins applied in heavy dosages on resting places would have 
residual effect. The realization of the special properties of DDT when applied 

‘ The data and observations in this paper were' obtained in connection with investigations 
conducted under a contract recommended by the Committee on Medical Res?9roh, between 
the Office of Scientific Research and Development and the Gorgas Memorial Institute of 
Tropical and Preventive Medicine. 

» 1st Lt., Sn.C., A.U.S. 
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to surfaces in the manner of a paint has aroused interest in the possibility of a 
new, simple and inexpensive approach to the control of malaria transmission— 
for DDT thus applied continues to kill and otherw^ise affect mosquitoes resting 
on treated surfaces for a prolonged period. 

Even before the advent of DDT, interest in anti-adult spraying had been on 
the increase (Senior White and Rao, 1944, and Eddey, 1944). It has been super- 
ficially evident that the residual properties of DDT would be of particular value 
in treating dwellings. With the pressure for immediate results for the protection 
of Allied troops and civilian populations in malarious areas, vast numbers of 
dwellings were treated with DDT by the armed forces during the latter war years. 
The evaluation of the effectiveness of treatments of this sort is a difficult process 
at best. With the rapid movement of the war relatively little detailed informa- 
tion could be gathered. 

A munber of isolated experiments have been performed, however, and the 
results of this first work is now forthcoming in the publications of Senior I^Tiite 
(1945), Gahan and Lindquist (1945), Gahan, Travis, Morton, and Lindquist 
(1945), Gahan and Payne (1945), Tarzwell and Stierli (1945), Knowles and Smith 
(1945), Metcalf, Hess, Smith, Jeffery and Ludwig (1945). 

The work of Galian and Payne (1945) on Anopheles pseudopunciipennis in 
Mexico is the only report of a residual spray experiment on a neotropical anoph- 
eline which has come to our attention at the time of vniting, although we have 
visited other such experiments involving Anopheles albimamis in Veracruz, hlex- 
ico, and have word of work of this sort in progress elsewhere in tropical America. 

THE EXPEKIMENTAL AEEA 

In the summer of 1944, a field experiment was set up on the middle Chagres 
River, Panama, to study in detail the effectiveness of the DDT residual spray 
treatment of native dwellings in the control of malaria vectors and malaria. 
The area selected was one in which intensive studies of malaria and Anopheles 
have been carried on by Dr. H. C. Clark and his associates at the Gorgas Mem- 
orial Laboratory during the past fifteen years. The results of these various 
studies have been published over a period of years in this Journal, and in the 
Annual Reports of the Gorgas Memorial Laboratory. 

The village of Gatuncillo was selected for treatment, while Guayabalito and 
Santa Rosa, adjacent villages, were used as controls. Concurrent observ^ations 
were recorded for treated and control villages. All three of these settlements are 
located on the west bank of the Chagres River only a few feet above the water. 
The river here is ordinarily a sluggish stream with numerous backwaters and 
lagoons directly across from the villages being studied. (See plate I, figure 1.) 
Extensive dense mats of Najas arguia^ provide the principal source of breeding for 
Anopheles albijnanns, as well as protection from the numerous surface feeding 
minnows. In addition to the extensive A. albimanus breeding areas along the 
Chagres River proper, there is additional breeding of this species in small clear 
areas of tributaries of the Chagres, particularly behind the villages of Santa Rosa 
and Guayabalito. 

* Determined by Prof. R. T. Clausen, Dept, of Botany, Cornell University. 
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In the past, water lettuce {Pistia straiioics) was abundant along the Chagres 
and supported breeding of Anopheles Irianmdahts. The lagoons and backwaters 



Plate I, Fig. 1 

AERIAL PHOTOGRAPH OF THE MIDDLE CHAGRES RIVER AREA 
The treated and control villages on the west bank of the Chagres River are shown as 
well as the location of the three stable traps in and near Gatuncillo. The extensive breeding 
area of Anopheles albimamts in the backwaters and lagoons of the east side of the river, 
directlj^ across from the native villages, may be seen. 

of this area were artificially created with the formation of Gatun Lake, and the 
succession of aquatic plants in them has been such that water lettuce is now a 
minor species and possibly in consequence A . trianmdatus is now not common^ 
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oncountonMl. Adult f(‘in!ilcs of A. nlhitii(niuf< and .1. Irinnnvhitu!^ may only l)c 
dilToronliulf'd in ));u l. In tin' j)rcM*nl study if has only occasionally l)een possible 
to bold female Anopheles until oviposilion to sccuie positive identification, based 
on CKir cbaractei-s. Xo .!. Iriannnlnlus type' egfjs were found among bouse 
ea\igbt moseiuitoes. I'/igbt years ago, Rozeboom (I03S) found only 0.5 per cent 
of tbe boii'-'e resting Anopheles in this area to be A. Irionnulohis (= A. hach- 
manni) altbougb tbe sjieeies was breeding abiuulantly at that time, indicating 
that tins species “does not care enougb about buman blood to enter tbe bouses 
to feed on man at nigbt”. In tbe pre.sent stud.v we tberefore uniformly regard 
tbe Anopheles of tbe Xpssorhynehns group as , 1 . nlhimanns. 

Anopheles pnnciim(ir}ila, wbicb is also ])re.sent in tbe villages studied, breeds in 
small numbers in small sbaded brooks wbicb flow into tbe C’hagres. The fluc- 
tuations in numbers of .1 . athinianns and A , pnnelimnrnln in dwellings and hor.se- 
baited stable trajis in this area will be considered in a separate paper, but it may 
be stated here that throughout most of tbe year .1. nlhimanns is dominant, with 
A. punelimacula being taken in significant numbem only at the end of the rainy 
season (i.e., October, Xovember, and December). 

'I’bc area in wbicb this work is being conducted possesses several particular 
advantages for an exi)eriment on tbe DDA' residual spray control of malaria, 
'rbese may be summarized as follows: 

1. The area is one wbicb is accc.ssible to the investigator, and yet sufficiently . 
isolated .so that tbe native population moves relatively little. Tlic villages 
studied arc inaccessible e.xcejit by dugout cayuco or foot tiviil. Local studies of 
malaria in popidations located on roads tend to be confused by the uncertainty 
of determining just where infection was incurred since the natives can frcclj’’ and 
convenient Ij' move along the road to attend markets, fiestas, etc. In the pre.scnt 
situation movements occur but they arc less frequent. Tbe Gorgas iMcmorial 
Laboratory is equipped with dugout cayucos provided with outboard motons 
enabling investigators to reach the Ghagres River villages, some five and one half 
miles from Gamboa (the end of tbe road), in appio.ximately forty-five minutes. 
Natives lacking motor driven boats require .several hours of paddling for this trip 
and are tbereb}- somewhat deterred from leaving tbe villages. Information 
derived from malaria rates is therefore relatively reliable although necessarily 
subject to interpretation in individual cases. 

2. The writer has been singularly fortunate in being able to work at villages 
wliei’e the malaria in the populations has been under continuous study by Dr. 

H. C. Clark and his associates for the past fifteen years. Malaria rates based on 
thick film blood examinations are available on a monthly basis for ten years, and 
on a bimonthlj" basis for the last five years. '\^''e began our experiment therefore 
with a large backlog of information on malaria in these communities. 

3. Conditions are excellent for the continuous production of large numbers of 
the malaria vector species, thus providing a most severe test of the effectiveness 
of the control method under study. The level of the Chagres River, in the study 
area, is maintained by the impounded Gatun Lake, and while there is some flue- 
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tuation in water level, the breeding areas produce mosquitoes throughout the 
year. While some spraying with copper sulfate to kill aquatic vegetation is done 
by the Dredging Division of the Panama Canal, through agreement with the 
Chief Health Officer no larviciding procedures have thus far been employed in the 
study area. The confusmg factor introduced by other means of mosquito control 
in the same area is largely eliminated and modifications in Anopheles abundance 
may be attributed either to natural causes, or to the techniques employed in the 
DDT residual spraying of dwellings. 

4. The present study provides a severe and critical test of house spraying 
against adult female mosquitoes, since the species involved, A. olbimamis and A. 
pundimacula, are not domestic as are, for example, A. quadrimaculaius or A. 
gambiae, which rest in human dwellings and domestic animal shelters duiing the 
day. While Rozeboom (1941) considers the adult female A. albimanus to, be 
“very domestic” he also remarks that they “do not remain long in houses; most 
of them return to the jungle or to their breeding places soon after feeding or early 
in the morning”. 

Thus we are dealing with mosquitoes which seek dwellings not as resting places 
but as a source of a blood meal. If the residual house sprajlng method should 
prove successful against these species, it may be inferred that the technique will 
be even more effective against other malaria vector species which are house rest- 
ing by preference. 

5. The natives of the study area have been employed and trained as helpers 
and collectors by various members of the staff of the Gorgas Memorial Labora- 
torj’’ through the years and now constitute a good source of local assistants. 

JIETEOROLOGICAL CONDITIONS 

Meteorological information for the Chagres River villages is based on data from 
the Madden Dam Meteorological Station of the Panama Canal Section of Me- 
teorology and Hydrography. This station is located appro.ximately two and one 
half miles east of the village of Gatuncillo. Data for the period of the experiment 
reported here are given in table 1. 

Weather conditions, particularly rainfall, are often very local in nature and 
the data from Madden Dam sometimes do not reflect conditions at the study vil- 
lages. For e.xample, in the severe storm and flood of December 13-15, 1944, 
which drastically affected the mosquito population, only 4.88 inches of rainfall 
were recorded at Madden Dam while 18.67 inches of rain fell at the Candelaria 
station about five miles away. In this same storm all twenty-four hour rainfall 
records for the Canal Zone area were broken, with 13.62 inches of rain recorded at 
Agua Clara. The annual rainfall at Madden Dam based on a forty-sLx year aver- 
age is 98.25 inches. 

The humidity at the Chagres river villages tends to be higher than that, re- 
corded at the Madden Dam Station since the latter is located on a hill above the 
river, while the villages are situated on the banks of the stream. On the oc- 
casions we have made hygro-tliermograph records at Gatuncillo in the rainy sea- 
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son, we found the relative humidity to be virtually 100% throu^out the night 
when the mosquitoes are active. Even in dry season the atmosphere becomes 
saturated by 1 0 : 00 or 1 1 : 00 p.m. 

The data contained in table 1 will serve, however, to give a general picture of 
meteorological conditions in the region of the experimental villages. 

NATIVE HOUSE CONSTRUCTION AND LIVING CONDITIONS 

Construction in the villages of the middle Chagres River is of two sorts. The 
native huts are provided with steeply sloping palm-thatch roofs and walls of canes 
which are for the most part vertically arranged and secured udth vines or, in some 
cases, wire (plate II, figures 2 and 4). Other houses are constructed of boards, 


TABLE 1 

Meteorological information, Madden Dam 



PRECIPITATION 
(IN INCHES) 

NUiTBER or 
RAINY DAYS 

AVERAGE 
RErjir/VE 
HUMIDITY 
(in pee 
cent) 
(S:00 A.M.) 

TESCPERATUSE {Cf BEOEEES 
eahrenheit) 

Actual 

46 Year 
average 



Mean 

Oct. '44 

22.92 


28 

93.4 

90 

69 

78.9 

Nov 

10.66 


18 

91.5 

89 

66 

78.6 

Dec 

6.63 


17 j 

87.6 

88 

68 

78.4 

Jan. ’45 

.20 

.98 

6 

86. S 

89 • 

61 

77.6 

Peb 

.02 

.59 

2 

1 79.6 

89 

66 

79.6 

Mar 

.04 

.49 

1 1 

78.0 

93 

67 

80.2 

April 

1.05 

3.17 

9 

81.4 

95 

68 

81.1 

May 

12.44 

11.25 

21 

86.1 

94 

69 

79.8 

June 

5.95 

11.60 

21 

91.1 

94 

70 

80.8 

July 

13.28 

12.22 

25 

93.4 

90 

70 

79.6 

Aug 

11.79 

12.09 

26 

95.8 

91 

69 

79.3 

Sept 

14.08 

11.35 

23 

94.6 

92 

67 

78.5 

Oct 

9.44 

14.74 

22 

94.1 

90 

67 

78.3 

Nov 

10.54 

13.96 

27 

94.8 

90 

68 

78.4 

Dec 

8.58 

5.81 

16 

92.2 

89 

66 

77.2 


mostly salvaged from abandoned Canal Zone houses, and roofed with sheets of 
galvanized iron. Various of the houses are intermediate in construction, with 
thatch roofs and board walls (plate II, figure 3). For the most part, houses con- 
sist of a single room with an incomplete partition or two of cane or scrap lumber, 
and a small extension w'here cooking is done on an open wood fire. These exten- 
sions are usually roofed with several sheets of corrugated galvanized iron. In- 
terior w^alls and partitions are either bare cane (plate II, figures 6 and 7), or 
“papered” with pages from magazines, or sheets of newspaper (plate III, figure 
8). The natives sleep on rough board beds, or in hammocks slung across the 
main room. The canes comprising the walls and partitions are only loosely ap- 
posed to one another, providing numerous spaces through which mosquitoes can 
gain entrance and egress. Crude wooden shutters serve to close window open- 
ings at night. Glass and screens are nowhere in use. 
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Plate II 

NATIVE HOUSES AT GATUNCILLO 

Fig. 2. Native house showing typical construction of cane walls and palm thatch roof. 
Fro. 3. House showing intermediate type of construction with palm thatch roof and 
rough board walls. 

Fig. 4. General view down “street” at Gatuncillo. 

Fig. 5. Interior view of roof of palm thatch construction. The impossibility of cal- 
culating precise amounts of DDT deposited on surfaces like these is evident. 

Fig. 6. Interior view of house with cane walls showing loose apposition of the canes 
permitting mosquitoes free access to the interior. 

Fig. 7. Interior view of house showing crude cupboard and cooking arrangement. 

wooden pegs or nails, or stored in chests. As decorations there are occasional 
framed pictures, or horns of deer. Paint is rarelj’' used. 
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Houses constructed in the manner here outlined seldom last for more than a 
few years. Even during the fifteen-month period of the experiment reported 
here, there has been considerable tearing down of old houses and construction of 
new ones. The village of Gatuncillo is composed of about twenty-five houses 
while the control villages combined have about twice as many houses. 

There is anothei- type of native construction not employed in the villages used 
in this experiment, but frequent in the dryer portions of Panama and elsewhere 
in tropical America. These dwellings are about the same size, but the walls are 
plastered with mud , or mixtures of mud and dung. Others obtain a solid wall by 
constructing walls of adobe blocks, cement, or native stone. Construction of the 
latter tj'-pes is, however, more common at some elevation (largely above the 
range of A. albimarnts) , where temperatures are lower and better shelter neces- 
sary. 

TABLE 2 


Mosquito catches in houses at Santa Rosa and Guayahalito from October 1944 through 

December 1945 



NUMBERS 

PER CENT OF TOTAL CATCH 

Anopheles albimanus 

33,381 

62.4 

Anopheles puncttmacula 

1,009 

1.9 

Total Anopheles 

34,390 1 

1 1 

64.3 

1 

Mansonta btillans 

16,225 

30 3 

Mansonia mgi icons 

2,605 

4.9 

Other Culicines 

292 

.5 

Total Culicines 

19,122 

35.7 

Total, all species 

53,512 

' 100.0 


THE MOSQUITO FAUNA 

Mosquitoes taken in the houses are principallj’’ of four species; Anopheles al- 
bimanus, A. punctimacula, Mansonia iitillans, and ilf. nigricans. These mos- 
quitoes are almost wholly absent from the houses during daylight hours, appear- 
ing at dusk, and departing at or shortly after dawn. Houses in which as many 
as 500 or 1000 mosquitoes may be taken by collecting throughout the night Avill 
have fewer than a dozen, or even no mosquitoes at all during the daylight hours. 

A summary of mosquito catches in houses in the untreated villages of Santa 
Rosa and Guayabalito for the fifteen-month period from October 1944 to Decem- 
ber 1945 is given in table 2. 

An examination of table 2 shows that of 53,512 house-resting mosquitoes taken 
throughout the year almost two-thirds were Anopheles, mostly A. albimanns. 

ENTOMOLOGICAL METHODS 

While the malaria rate is the ultimate criterion of the effectiveness of the DDT 
house spraying method, some entomological check on the villages was obvious } 
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desirable, not only to keep a close record on how the vectors were being affected, 
but also to provide a basis for decision on the time of retreatment. At first the 
attempt was made to secure evening biting rates on native human subjects, but 
these were soon found to be too variable to be of value, since the time of flight 
of the anophelines varies considerably with local meteorological conditions. This 
technique was therefore soon abandoned. Horse-baited stable traps were found 
to give a more reliable index of outdoor mosquito activity. The traps used were 
of the iVIagoon tj-pe w’ith the ingress baflSes modified as in the Egyptian trap of 
Bates (1944). Homes were purchased so that throughout the course of the ex- 
periment the same horse might be used in the same trap, thus avoiding any error 
caused by differences in the attractiveness of individual animals pointed out by 
Bates (1944). 

To avoid the curious “catching-out” phenomenon reported by Gabaldon, 
Lopez, and Ocho-Palacios (1940), traps were never operated on successive nights. 
A schedule of trapping on hlonda}' and Thursday nights of each week was set up 
and has been adhered to throughout the course of the experiment. Furthermore, 
at no time have the traps been moved from their original locations. By these 
precautions we hope to have established a high degree of reliability in the horse 
trap catches, permitting valid comparisons of catches over an extended period. 

At first, tliree traps were set up: one across the Gatuncillo River about three 
hundred feet north-east of the village of Gatuncillo, a second in the center of the 
\dllage, and a third in the forest on the bank of the Chagres River about nine 
hundred feet south of the village. These traps commenced operation on October 
10, 1944. Later three additional traps of the same sort ivere set up. One in the 
village of Guayabahto 1.3 miles south of Gatimcillo, a second about 0.4 miles w^est 
of Guaj’^abalito, behind a low ridge along the Chagres River, and a third at Juan 
Mina, 3.2 miles south of Gatuncillo on the east bank of the Chagres River. The 
locations of the first three traps are indicated in plate I, figure 1. Mosquitoes 
in stable traps were collected with a suction tube and chlorof ormed for subsequent 
identification and counting in the laboratory. 

Several methods of collecting mosquitoes in houses were used before a satis- 
factory technique was evolved. At first chloroform tubes were used. These 
proved satisfactorj' for catching resting mosquitoes, but since DDT has a de- 
layed action it was obviously desirable to collect the mosquitoes alive and hold 
them under favorable conditions to obsen’^e subsequent mortality. Catching 
tubes consisting of ten mm. glass tubing, in one foot lengtlis, with bolting cloth 
covering one end, and an attached laibber tube about two feet in length proved 
satisfactory for this purpose. As holding cages for the mosquitoes, we at first used 
glass lamp chimne 3 ’’s, with their ends covered wdth bolting cloth. If these were 
kept in a dry atmosphere the mosquitoes died; if kept in a moist atmosphere, 
slight changes in temperature would produce a condensation of moisture on the 
walls of the chimneys. On alighting, mosquitoes would adhere to the walls and 
perish. It was suggested bj’’ Col. W. H. W. Komp that holding cages of wire 
mesh or a similar material would overcome this difficulty. Cages of wire mesh 
were too fragile in the hands of native collectors, and for transportation between 
the field and laboratory. A series of cages were therefore constructed of per- 
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forated sheet bronze, four and a half inches in diameter and six inches tall. These 
were provided with a number eighteen wire screen bottom for convenience in 
examining the contents of the cage, and a bronze removable cover with a hole 
three-fourths of an inch in diameter. Through the hole in the cover mosquitoes 
could be introduced, by blowing, from the catching tubes. The removable fea- 
ture of the cover was a convenience in cleaning the cages. 

For transporting the cages of mosquitoes from the river villages to the labora- 
tory we had constructed carrying boxes 9" x 11" x 22". These boxes contained 
eight compartments in the bottom of each of which a petri dish with moist cotton 
was placed. The holding cages were thus carried in separate compartments, 
each over moist cotton, and in an atmosphere of saturated humidity. All catches 
of house resting mosquitoes were handled in the same fashion, the mortality 
among the mosquitoes from the untreated villages sendng as a control for that 
in the mosquitoes from the treated village. Catches were held in these cages for 
twenty-four hours, at which time the dead mosquitoes were removed, identified 
and counted. The sur\dving mosquitoes were then chloroformed and examined. 

The catches of mosquitoes from houses were not only identified and counted, 
but also sorted as to whether or not they wmre blood engorged. Cards (5" x 8") 
were printed on which the information for each house, for each night’s catch, was 
recorded. From these cards it is possible to tell at a glance the numbers of mos- 
quitoes cf each species which are engorged or unengorged, and the twenty-four 
hour survival. Summary cards for each house and each village were also rou- 
tinely prepared at the end of each month. 

House catches made during the daylight hours would in no way reflect the 
nature of the anopheline population visiting these dwellings. We therefore es- 
tablished a routine of collecting in houses after dusk, dm’ing the evenings, and 
mornings before dawn. Native boys Avere employed who collected in the house 
in which they were resident. It was not possible to establish an exact time period 
during AAdiich the boys collected, but each Avas instructed to catch all the mos- 
quitoes resting in his dwelling between dusk and bedtime. In practice this was 
the period from about 6 ; 30 p.m. to 9 :00 p.ra. In the morning the boys collected 
approximately between the hours of 5 : 30 and 6 : 30 a.m. No premium Avas placed 
on the numbers of mosquitoes collected, boys receiving a fixed sum for each 
night’s collection no matter how large or small. Thus Avas avoided the tempta- 
tion of the natives to secure mosquitoes from other sources than their own houses. 
On the whole this method has Avorked out satisfactorily. One natwe Avho per- 
sisted in collecting mosquitoes off tethered animals, when his house catches were 
loAv, was discharged. 

While the interior of dwellings are exceedingly irregular and resting mosquitoes 
are in consequence not easy to see, the native boys quickly become adept collec- 
tors and a comparison of the catches from different houses on the same mgh 
shoAV’s a good correlation. 


DDT VILLAGE TREATMENT 

While it was at first thought necessary to spray a belt of vegetation around 
the village to be treated, a preliminary study of the habits of A. albimanus m 
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dicRtcd ihat sprapng of the houses alone might be sufiicient. A comparison of 
catches of mosquitoes taken in dwellings in the evening with those taken just 
before dawn showed a higher percentage of engorgement in the morning-caught 
mosquitoes. It was thus indicated that, mosquitoes winch luive fed tend to rest 
on the conveniently nearby house surfaces for a ]n;riod , before flying off to a more 
agreeable microclimate elsewhere for the daylight hours. I'his behavior charac- 
teristic of A. albimanm is of critical importance in the consideration of the 
ciTcctivoncss of the DDT house spraying technique in the cent rnl of malaria trans- 
mission. The “seed bed” of malaria is in the village dwellers and the engorged 
mosquitoes resting in the dwellings arc, in consequence, those jiotcntially in- 
fected. By selectively killing tho.«c mosquitoes which have fed on the occupants 
of the. hou.'vs we may hope to control or terminate malaria transmis.sion without 
ncccs.^arily cvtcrminating, or even seriou.riy nio»lifyitig the mosquito population 
of an area. 

It was early appreciated that (he line of reasoning upon which (he success of 
this method of using DDT rests i.s dependent on two b:is!c promises. First, it 
was considered ncces.«ary that the human population be a relatively domestic 
one; i.c., a population which is for the mo.st part indoors during tiic period of 
anophclinc activity. The nativcj^ of the area here studied do not wholly meet 
this requirement. In the evening they are often a))road in the village, particu- 
larly during fiestas. The men are sometimes absent from the village when they 
remain overnight in shcltci's on the hillsides some distance from the village where 
they cultivate upland rice and corn. Data which will he prc.«cntcd below, how- 
ever, tend to show that this difficulty is not insurmountable. The second prem- 
ise is that the blood-engorged mo.squitocs found in the dwellings arc actually 
those Avhich fed on humans and not mosquitoes wjiich have fed elsewhere on ani- 
mals other than humans and merely sought shelter in the dwellings. We liave 
been able to check this point by precipitin test analj'sis of the blood-meals of 
house-resting mosquitoes. 

Preliminar}' studie.s of the relation of .4. alhimanus to native dwellings, of the 
sort described above, showed that in large measure the mosquitoes approaching 
dwellings rest on the outer wall of the liouses, and n-alk between the canes to the 
interior. Frequently, too, they enter by tlic space between the thatch roof and 
the walls. IMien houses of cane and thatch were provided with window traps it 
was found that approximately ninety per cent of the mosquitoes in a dwelling 
entered hy some means other than the doors or windows. Further evidence that 
most mosquitoes find ingress to the dwellings by some means other than the doors 
and windows is found in the fact that at night the natives close the doors and 
shutters to their houses. Nevertheless hundreds of mosquitoes may be collected 
in these houses at this time. 

It was therefore decided to spray the exteriors as well as the interiors of all 
dwellings so that the opportunity for mosquitoes to contact DDT might be en- 
hanced. Inside the dwellings not only walls, but also any other possible resting 
places of mosquitoes, as the undersides of chairs, tables, cupboards, beds, and 
false ceilings were also sprayed. At the time of the first spraying, equipment 
was not available to reach the underside of the tall peaked roofs, but in subsequent 
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treatments these surfaces were also sprayed. Outside the houses the undersides 
of the overhanging eaves were sprayed as well as the walls. In addition to the 
human habitations all outhouses and animal shelters, such as chicken coops, were 
also sprayed inside and out. 

A statement of the precise rate of application of DDT in terms of milligrams 
per square foot would be desirable, but is not feasible in view of the type of house 
sprayed in this experiment, "i^hile the plane surface area of walls, partitions, 
and roofs may be easil}’- calculated, the rounded surface of the canes of 
which most walls and partitions are constructed (plate II, figure 6), and the mul- 
tiple surfaces presented by the undersides of the palm thatch roofs (plate II, 
figure 5) and eaves makes it virtually impossible to establish the actual surface 
area treated with DDT. A more useful statement of the rate of application of 
DDT is the mean volume of DDT solution applied per house. Treating houses 
as outlined above, including the inner and outer walls, interior partitions, false 
ceilings, undersides of peaked .roofs, eaves, and the undersides of furniture, we 
find that we use approximately three gallons of solution per house. A relatively 
uniform rate of application of the DDT solution wms obtained by training spray 
operators to Avet surfaces without permitting the solution to run. Close super- 
vision of the work is necessarj’’ to secure uniform results. Since the construction 
of these houses is similar, both in terms of construction materials and size, 
throughout the Caribbean lowlands, this figure for the amount of material used 
should have wide application in this area. 

Where house construction is more substantial, wuth the cane walls plastered 
with mud, or with w'alls of adobe, stone, or cement, the amount of DDT solution 
necessary per house is materially reduced since spraying inside alone should 
suffice, for mosquitoes do not gain enti-ance through the walls as in the circum- 
stances of the present experiment. The relative effectiveness of DDT on sur- 
faces of this sort is yet to be determined in the field. 

EQUIPMENT FOB VILLAGE SPRAYING 

The material used for the spraying was five per cent technical grade DDT m 
kerosene wffiich was prepared from Ai-mj’- stock DDT and locally obtained kero- 
sene. Various methods of applying this solution were tried. The work was 
mostly done with a small portable air-compressor such as is used vdth the paint- 
spray equipment for camouflaging jungle positions. This consists of a three- 
quarter horse-power air-cooled gasoline engine which operates a small compressor 
capable of delivering pressure of sixty pounds per square inch. This^ unit is 
easily carried by two men. An air line runs from the compressor to a liquid pres- 
sure tank of five gallons capacity. Attached to this tank are two hoses, one carry- 
ing liquid, the other air. These are then attached to a pistol-type spray gun 
which delivers a fan spray which is excellent for the purpose of applying an even 
coat of DDT solution. (See plate III, figures 9 and 10.) In practice, however, 
this equipment wms found to be not wholly satisfactory. The two hoses from 
the liquid tank to the sprayer w^ere cumbersome and permitted too restricted an 
area of movement by the spray operator, since the hoses were but thirty tee 
long. 





Plate III 


NATIVE HOUSES AND METHODS OF APPLYING DDT 

Fig. S. Rough board partition "papered” -with magazine covers and pages. 

Fig. 9. Apparatus used in first spraying of Gatuncillo. In the foreground is the portable 
unit consisting of a j horsepower air-cooled niotoi and air coinpiessor. The five gallon 
tank containing the DDT solution is beside the figure at the left, the operator at the rear. 

Fig 10 The pistol-type spray gun used with this apparatus is shown here. ^ Two hoses 
from the insecticide tank may be seen; that at the right delivers the insecticide, that at 
the left compressed air. A net fan-type spray is used. 

Fig. 11. For the second spraying a modified technique was used. A single hose fiom 
the insecticide tank is provided with the nozzle from a knapsack sprayer. This is a ess 
cumbersome arrangement. 

Fig. 12. In a later spraying hand-pumped cylindrical knapsack sprayers nere use 
The fan-type spray can be seen. 

Fig. 13 The systematic coverage is accomplished by having the opeiator move s ^ 
back and forth along the wall holding the spray nozzle at a uniform distance from t e 
surface. A net treated suiface can be seen at the light and on the lower part of the na 
section which the operator is spraying. 
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For a subsequent treatment the equipment -was modified by subsituting for the 
pistol-type spraj^-gun requiring two hoses, the disk-type spray nozzles removed 
from knapsack sprayers. These were provided with a number sixty wire gauge 
aperture which gave a wet spray satisfactory for this work. These sprayers 
required only a single hose, which simplified the work for the operator. (See 
plate in, figure 11 .) To speed up the spraying, two and even three liquid lines 
could be run from the same tank, since onh’- ten or fifteen pounds of pressure was 
necessary on each line to secure a satisfactory spray, and the compressor was 
capable of delivering as much as sixty pounds pressure per square inch. With 
this type of sprayer, hose extensions could be added so that each operator might 
have one hundred or one hundred and fifty feet of hose, thus allowing him great 
freedom of movement. 

The fault with this arrangement lay in that a five gallon liquid tank contained 
sufficient liquid for only about fifteen minutes spraying and too frequent in- 
terruptions were necessary to refill the tank. We later improvised a liquid tank 
from a grease barrel which would hold fifteen gallons of liquid and this proved 
satisfactory. 

Nevertheless it was considered desirable to try the village spraying with 
manually pumped cylindrical sprayers since labor costs are relatively low and the 
difficulty of effecting repairs to mechanical equipment in remote places is great. 
The simplest sort of spray equipment which will perform the work required is the 
most desirable under the conditions encountered in this area and Central America 
generally. In a field trial it was found that manuallj’- pumped cylindrical spray- 
ers, of three or four gallons capacit3’', provided with a nozzle delivering a fan spray 
were excellent. The sprajmrs used were regular items of Army issue. (See 
plate III, figures 12 and 13 .) 

In the present experiment no attempt was made to develop ideal equipment 
since facilities for this sort of work were limited, and the village involved was 
not large. With the equipment here outlined we were able to treat the entire 
village in two da3’’s using two spra3’' operators and an assistant. 

Operators were supplied with respirators and heav3' rubber gauntlet gloves, 
but these were frequentty discarded since the3'^ were too uncomfortable for oper- 
ators working in this tropical climate. Nevertheless, no untoward effects were 
observed in operators with the exception that one person using a spra5'’ gun which 
leaked as he extended his arm to spra3’’ high portions of walls sustained a kerosene 
burn on his arm and right side of his torso. This cleared up in a few da3’’s with 
no sequelae. 

A more extended account of equipment for work of this sort ma3'- be found in 
the paper b3'' Stierli, Simmons, and Tarzwell ( 1945 ). 

EXTOaiOLOGIC.VL RESULTS 

House Catches 

Mosquito ahu7icla77cc. The fluctuations in house catches of A7iopheIcs and the 
principal factors influencing them are shown in Chart I and table 3 . iWu c 
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catches •were made semi-weekly (each Monday and Thursday night), in this and 
succeeding charts and tables the average for each -week is shown to simplify pre- 
sentation of the large volume of data available. Points of interest may be 
enumerated as follows: 

1. In the pretreatment month, October 1944, the numbers of Anopheles in both 
the village to be treated and the control villages showed weekly fluctuations, but 



Chart I. Chart of AnopheijIne Abundance in Houses of Treated and Controu 
Villages Correlated with Rainfall and River Levels, Middle Chaqres River, 

Panama 

maintained a high level of abundance (from 99 to 178 Anopheles per house, per 
night) . At this time the rainfall was relatively high. 

2. With the first spraying of Gatuncillo, which took from the 31st of October 
to the 2nd of November, there was a dramatic drop in the numbers of Anopheles 
in the treated village, the average number of Anopheles per house, per night, 
during the ensuing three weeks being from 1.8 to 4.5. A gradual rise during 
the succeeding three weelcs to 21.5 in the week of^^the 10th of December followed. 
During this six week period there is a decline in the numbers of Anopheles in the 
control villages associated with the drop in rainfall and the beginning of dry 
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TABLE 3 


Anopheline abundance in houses of treated and control villages correlated with rainfall and 

river levels 


WEEK OP 

AVERAGE NU3IBER 
OF ANOPHELES 
PER NIGHT 

PRECIP. 
AT ilADDEN 
DAM 
inches) 

MAX. 
RIVER 
1.EVEL 
(tN FEET, 

WEEK OP 

AVERAGE 
NUMBER OF 
ANOPHELES 
PER NIGHT 

PRECIP. 

AT 

MADDEN 
DAM (in 

MAX. 
RIV’ER 
LENTL 
(in peet) 


Control 

Treated 


Contro 

Treatec 

IKCHES) 

Oct. 1,’44 

102.3 

128.5 

2.12 

94 

May 6 

19.5 

1.5 

.71 

96 

8 

119.7 

178.5 

4.14 

96 

13 

17.7 

2.0 

2.54 

93 

15 

129.0 

144.3 

.68 

96 

20 


3.3 


93 

22 

174.9 

BIjKffJ 

4.37 

96 

27 

15.2 

1.3 

4.24 

93 

29 

142.2 

IQQ 

12.55 

96 

June 3 

10 


3.5 

1.3 

.33 

.99 

93 
' 93 






First DDT Treatment 


17 

34.6 

io 

2.69 

93 






24 


0.5 

1.27 


Nov. 5 

87.3 

1.8 

7.51 


uO 

1 










12 

135.2 

2.3 

1.55 


Third DDT Treatment 


19 










lOU .o 

^.0 

.00 

yo 





: 

26 

85.9 

18.0 

.12 

95 

July 1 

87.8 

0.0 

1.44 


Dec. 3 

49.9 

12.3 

.06 

95 

8 

62.5 

0.0 

1.95 

93 

10 

55.3 

21.5 

5.57 

111 

15 

63.6 

0.8 

4.52 

93 

17 

29.9 

5.8 

.96 

105 

22 

67.5 

0.3 

4.07 


24 

11.2 

1.3 

.02 

95 

29 

42.4 

0.0 

5. 58 

93 

31 

27.5 

6.5 

.03 

94 

Aug. 5 

23.1 

0.3 

.80 

93 

Jan. 7, ’45 

35.9 

4.3 

.00 

93 

12 

50.2 

0.5 

1.83 

93 • 

14 

39.0 

3.3 

.01 

94 

19 

29.4 

1.5 

1.96 


21 

37.9 

4.3 

.15 

93 

26 

55.0 

0.8 

3.06 


28 

53.1 

4.5 

.02 

93 

Sept. 2 

60.5 

2.8 

3.21 


Feb. 4 

37.5 

13.5 

.01 

93 

9 

44.8 

2.5 

6. 36 


11 

49.5 

4.0 

.00 

93 

16 

43.8 

0.5 

2.79 


18 

45.0 

7.3 

.00 

94 

23 

34.8 

1.3 

1.50 

93 

25 

54.4 

2.0 

.00 

93 

30 

Oct. 7 

43.4 

98.7 

l.S 

3.8 

1.87 

2.19 

93 

93 






Second DDT Treatment 


14 

56.7 

4.8 

4.33 

93 






21 


6.3 

.62 

94 







Mar. 4 

40.4 

3.5 

.00 

93 

28 

59.6 

4.0 

1.19 

94 

11 

49.2 

2.3 

.00 

93 

Nov. 4 

91.9 

5.0 

1.66 

94 

18 

53.9 

3.0 

.04 

93 

11 

62.8 

1.3 

3.66 

94 

25 

30.6 

1.3 

.00 

93 

18 

53.7 

3.5 

2.39 

91 

April 1 

42.4 

1.0 

.00 

93 

25 

49.3 

7.3 

3.16 

95 

8 

47.3 

6.8 

.09 

93 

Dec. 2 

47.0 

7.0 

6.02 

103 

15 

52.3 

4.0 

.46 

93 

9 

21.9 

1.0 

.02 

97 

22 

32.1 

4.5 

.47 

93 

16 

17.4 

0.8 

.85 

94 

29 

23.7 

3.8 

3.14 

96 

23 

13.2 

3.0 

.11 

93 


season conditions. The week of the 10th of December the anopheline abundance 
in the control villages had about reached the usual dry season level. (Compare 
the portion of the chart for the dry season months of February and Marc i.j 
3. The week of the 10th of December was marked by a heavy rain, widcsprea ^ 
over the entire Chagres River Basin, such as often occurs at the end of the nc 
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season. In this instance, however, the rain was of unusual intensity and 
duration. The recorded rainfall of 5.57 inches for this week at Madden Dam 
gives only a slight indication of conditions. Madden Lake rose so rapidly that 
it became necessary to discharge water from Madden Dam, producing a sixteen 
foot rise in the Chagres River at Alhajuela (see Chart I). The addition of a 
hea%’y inflow of water from streams tributary to the Chagres River below 
Alhajuela effected a rise of evfin more than sixteen feet at Gatuncillo, 

This flood s^vept throughout the lowlands along the Chagres, carrying vnth 
it great masses of vegetation and even floating islands supporting trees. The 
decline in the control anopheline population during the latter half of December 
may reasonably be explained as the consequence of the destruction of so many 
mosquitoes by the torrential rains, and the sweeping out of daytime resting 
places as well as breeding mats of vegetation. The decline in numbers of 
Anopheles at GatimciUo at this time is probably also attributable to this flood 
and is not a DDT effect. 

By the end of January, however, the population at the control villages had 
been restored and reached a level maintained during the remainder of the dry 
season. The treated village, on the other hand, showed no such rapid recovery, 
the numbers of Anopheles per house, per night, seldom rising above five. These 
data imply that following the flood the DDT on surfaces in the treated village 
was able to prevent recovery of the anophelines to their normal dry season level 
as established in the control villages. 

4. The decision to respray Gatuncillo at the begining of March, four months 
after the original spraying, was not influenced by any increase in numbers of 
mosquitoes, but by the fact that the twenty-four hour survival rate of blood- 
engorged Anopheles was no longer reduced. (This point will be discussed later 
in this paper.) 

5. The decline of the anopheline population in the control villages following 
the week of the 15th of April is associated with the rains of the beginning of the 
wet season, and a subsequent three foot rise in the river level at Alhajuela. This 
decline may be due to a flooding of breeding beds reducing anopheline production. 
In any event, the low level of anopheline abimdance in the treated village is 
unaffected. 

6. Following the third spraying of GatunciUo at thebeginning of July, virtually 
no Anopheles were taken in the house catches at this village despite the fact that 
this was a time when Anopheles were on the increase in the control villages. It 
will be noted that following each spraying there are progressively fewer mos- 
quitoes in the houses of the treated village. This may well be due to a cumula- 
tive effect of the DDT, when the period for respraying is as short as four months. 
It might be anticipated, therefore, that routine DDT residual sprayings of vil- 
lages at four-monthly intervals will progressively, over a period of years, produce 
better and better control of Anopheles. 

7. With the excellent control effected after the third spraying of Gatuncillo 
it was decided to permit a six month inteia-al to elapse before the fourth retreat- 
ment, to determine whether this interval rather than four months might not be 
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Batisfactory (reducing costs in labor and material by one third for the year). Ex- 
amination of the chart for the latter part of this period (October, November, and 
December, 1945) shows a gradual increase of Anopheles in the treated village. 
From these data it appears advisable to retain the four-month period for retreat- 
ment, by way of insuring complete control. 

8. At the end of the 1945 wet season (October and November) the house 
collections of Anopheles in the control villages did hot reach the levels of the same 
period the previous year. There are unfortimately no data available for com- 

TABLE 4 


Summary showing per cent of mosquitoes engorged, based on semi-weekly catches totalling 

43,878 specimens 



ANOPHELES 

CDLICINES 

ALL MOSQUITOES 




Control 

Treated 

Control 

Treated 

Nov. ’44 

74.3 

4.3 

57.4 

8.7 

73.3 

5.8 

Period following 

Dec. 

51.9 

3.7 

33.6 

7.5 

46.3 

5.6 

first treatment 

Jan. ’45 

45.0 

16.1 

33.8 

13.1 

39.4 

13.7 


Feb. 

46.7 


45.8 

17.9 

46.3 

13.2 


Mar. 

46.8 


32.7 

12.1 

41.0 

7.7 

Period following 

April 

45.4 

11.1 

36.3 

0.0 

40.9 

6.3 

second treat- 

May 

52.3 

12.8 

44.0 

17.8 

48.2 

16.0 

ment 

June 

55.1 : 

2.7 

36.9 

8.S 

47.6 

5.5 


July 

46.8 

0.0 

46.1 

4.3 

46.6 

3.7 

Period following 

Aug. 

42.6 

16.7 

32.1 

5.6 

38.8 

8.3 

third treatment 

Sept. 

31.9 

3.G 

' 27.5 

8.7 

29.9 

6.S 


Oct. 

27.4 

6.8 

27.4 

3.8 

27.4 

6.0 


Nov. 

31.4 

17.6 

35.5 

10.2 

33.3 

13.2 


Dec. 

48.7 

43.9 

34.0 

46.9 

39.9 

45.4 


^Average 


■ 






Nov. ’44-Oct. ’45 

47.4 

m 

35.4 

11.1 

43.1 

9.4 



^ These percentages are based on the totals of mosquitoes taken in houses from Novem- 
ber 1944 to October 1945. November and December 1945 are excluded since they represent 
the fifth and sixth months respectively after a treatment period. 


parison from years prior to 1944, but annual variations of the magnitude shown 
in this chart may not be w^holly unexpected. It is also possible that native 
collectors were somewhat less diligent in their work after more than a year of 
routine collecting, and did not expend so great an effort in house collecting as they 
did the year previous. 

Mosquito engorgement. The reduction in numbers of Anopheles in the houses 
of the treated village, as demonstrated above, indicates a large measure of pro- 
tection to the village residents. The reduction in numbers of Anopheles repre- 
sents, how^ever, only the first step in the direction of terminating malaria trans- 
mission by DDT residual house spraying. In December 1944, several weeks 
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after the initial village spraying we made the following observation (Trapido, 
1944): 

“It is also noteworthy that of 135 mosquitoes collected in dwellings since the 
sprajdng of the village only four, or 2.9%, have contained blood. It is indicated 
that mosquitoes entering the treated dwellings and contacting the DDT residue 
become so activated that they do not feed.” 

We now have the records on the per cent engorgement in house-caught mos- 
quitoes for fourteen months. These are summarized by months in table 4. 

The marked and consistent difference between the per cent engorged in the 
control and treated villages is at once apparent. If we exclude those periods 
more tlian four months after a DDT sprajdng we find that house-caught Anoph- 
fks are from 27.4% to 74.3% engorged in control villages, while they are from 
0.0% to 16.7% engorged in the treated village. Only in December 1945 did 
the per cent engorgement in mosquitoes from the treated village approximate 
that at the control villages. This was the sixth month after treatment, and it 
seems evident that after so long a period as this the “activating” effect of DDT 
does not persist. IJMien retreatments with DDT occur at four-month inten'als, 
the per cent engorgement of such Anopheles as do enter the dwellings remains at 
a low level. 

If we summarize the percentages for the year November 1944 to October 1945, 
including three four-month post-treatment periods, we find that of Anopheles 
47.4% were engorged in the control villages while only 7.1% were engorged in 
the treated village. In table 4 are also summarized the data for culicine mosqui- 
toes. These data conform in a general wa3'^ to the results obtained with the 
anophelines. 

Just how the DDT spraying of dwellings ser^-^es to reduce the percentage of 
engorged mosquitoes is a point of much interest. As has been noted earlier in 
this paper, field observations have shoNsm that most A. alhimanus alight on the 
outer surface of the native dwellings and then enter between the canes of the 
walls or by other crevices, either by walking or by short flights. Once in the 
dwelling they rest on the walls, ceiling, or furniture, waiting a favorable op- 
portunity to feed. Those mosquitoes not sufficiently affected by the DDT on 
these surfaces to die, or fly off to die subsequently, may receive sufficient DDT 
to cause them to lose interest in feeding. This “activating” or “instating” 
effect produces an overall reduction in feeding.- Effects of this sort are confirmed 
by the recent observations of Metcalf et al. (1945) on A. qnadrimaculaius in the 
Tennessee Valley. They made observations in a DDT-treated house and a 
control house nearby and observed, “Although many mosquitoes entered both 
buildings, only 4 bites were received by the person in the control house.” VTiile 
there was some increase in the biting rate in the treated house after eleven days, 
they note that, “An estimated 500 mosquitoes entered the building during a 
15-minute period at the break of dawn (5 a.m. to 5:15 a.m.), but only a few of 
them took blood meals”. 

This reduction of feeding on the part of such Anopheles as may be found in 



402 


HAHOLD TEAPIDO 


treated dwellings, due to the “activating” effect of DDT, maybe considered the 
second step in the possible reduction of malaria transmission. 

Mosquito survival. There is yet a third way in which the house spraying with 
DDT serves to reduce malaria transmission. As has been mentioned above we 
have evidence that blood engorged mosquitoes tend to rest on house surfaces for 
a period before fl 3 dng off to seek a diurnal resting place. It is of interest, there- 


TABLE 5 

Per cent of mosguilocs which arc not engorged and survived S4 hours, based on scmi-weehhj 
catches totalling SS,SS8 specimens 



ANOPHELES 

C0LICINES 

ALL MOSQUITOES 



Control 

Treated 

Control 

Treated 

Control 

Treated 


iNov. ’44 
^Dec. 

Jan. ’45 

21.1 

21.0 

32.0 

32.4 

26.5 

30.0 

Period following 
first treatment 

Feb. 

27.0 

43.1 

32.7 

1 

53.7 

29.4 

49.0 


Mar. 

42.1 

44.6 

58.3 

72.7 

4S.8 

54.1 

Period following 

April 

46.8 

61.9 

58.1 

83.7 

52.5 

71.4 

second treat- 

May 

42.5 

59.6 

51.5 

58.3 

46.9 

58.8 

ment 

June 

33.2 

89.9 

52.4 

88. 9 

41.1 

89.0 


July 

i 

33.8 

0.0 

36.5 

47.8 

34.3 

40.7 

Period following 

Aug. 

30.3 

33.3 

35.9 

75.0 

32.3 

64.6 

third treatment 

Sept. 

34.2 

21.4 

38.3 

36.9 

36.0 

31.1 


Oct. 

48.8 

18.9 

39.8 

38.5 

45.9 

24.0 


Nov. 

37.9 

31.1 

34.6 

46.3 

36.6 

40.1 


Dec. 

25.1 

31.7 

29.6 

35.7 

27.8 

34.0 


^Average 








Jan. ’45-Oct. ’45 

36.7 

41.7 

44.0 

49.5 

39.6 

46.4 



^ Data on survival rates not available for these months. 

- These average percentages are based on the totals of mosquitoes taken in house.s from 
.Tanuary to October 1945. November and December 1945 are excluded since they represent 
the fifth and sixth months respectively after a treatment. 


fore, to examine the survival rate in engorged and unengorged mosquitoes taken 
in dwellings, and to compare these rates in treated and control villages. 

Data on sur\dval of mosquitoes from both control and treated houses were 
routinely recorded from January 1945 ontvard. It was not until then that a 
standardized procedure for handling living .mosquitoes and recording 
survival rates was established. We have recorded, however, (Trapido, Id / 
that it was not until the 26th day after the first treatment that even a sing e 
mosquito from the treated houses suiadved for twenty-four hours after capture. 

We have already outlined under “Entomological Methods” the technique 
employed to hold mosquitoes under favorable conditions to observe the tven y 
four hour survival rate. These observations are summarized by mon s i 



SPR.VV1NG AVITH DDT IN CONTROL OP JULARIA 


403 


tables 5 and 6. Table 5 shows the per cent of all mosquitoes which were both 
unengorged and sur\dved twenty-four hours. It is to be noted that, on the whole, 
for both Anopheles and culicines, there is little difference in the percentages 
recorded from the control and treated houses, although there are considerable 
monthly fluctuations. The u*ide range of percentages recorded for Anopheles in 
the “treated” column is due to the fact that these percentages are derived from 
relativelj’’ small numbers of specimens (since the DDT treatment enormously 


TABLE 6 

Per cent of mosquitoes which arc engorged and survived £4 hours, based on semi-weekly 
catches totalling S8,6S8 specimens 



I AKOrnELES 

I CDUCTNES 

j ALL MOSQUITOES j 



Control 

Treated 

Control 

1 

Treated ' 




^Nov. '44 
^Dec. 

Ja:^r'45 

! 

1 

40.0 

t 

1.2 

2S.1 

3,0 

33.6 

3.4 

Period following 
first treatment 

Feb. 

1 39.9 

7.3 

38. S 

10.4 1 

39.4 

9.1 


Mar. 

42.9 

3.1 

31.1 

12.1 

38.0 

6.1 

Period following 

April 

1 41.5 

7.9 

35.8 

0.0 

38.6 

4.5 

second treat- 

^lay 

50.1 

8.5 

43.3 

16.7 i 

46.8 

13.7 

ment 

June 

52.4 

2.7 

35.7 

8.3 

45.5 

5.5 


July 

41.2 

0.0 

38.3 

0.0 

40.7 

0.0 

Period folloTving 

Aug. 

37.5 

0.0 

24.9 

2.8 

33.0 

2.1 

third treatment 

Sept. 

29.1 

3.6 

23.0 

4.3 

26.4 

4.1 


Oct. 

25.2 

0.0 

23.2 

3.8 

24.6 

1.0 


Nov. 

26.8 

10.8 1 

30.9 

10.2 

28.4 

10.4 


Dec. 

42.3 

43.9 i 

28.5 

42.9 

34.1 

43.3 


^'Average 



1 

1 





Jan. ’45-Oct. '45 

38.3 

4.2 

31.3 

■ 

6.6 

35.5 

5.7 



i Data on survival rates not available for these months. 

- These average percentages are based on the totals of mosquitoes taken in houses from 
January to October 1945. November and December 1945 are excluded since they represent 
the fifth and sixth months respectively after a treatment. 

reduced the overall population). For the period from January to October 1945 
there was actually a greater percentage of unengorged mosquitoes surviving 
twenty-four hoius from the treated houses, than from the control houses, al- 
though this is probably a chance rather than a significant difference. 

The data for the engorged mosquitoes which survived twenty-four hours are 
quite different (table 6). These data are of particular significance for malaria 
transmission, since they concern the potentially infected mosquitoes. The fol- 
lowing points are noteworthy : 

1. The twenty-four hour survival rate in mosquitoes from the control houses 
was relatively high. Reference to tables 4 and 6 shows that of Anopheles col- 
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lected in the control houses in the four-month post-treatment periods 47.4% 
were engorged, and 38.3% were both engorged and survived 24 hours. Thus 
among engorged Anopheles taken in untreated houses there was approximately 
80% survival; such mortahty as occurred being due to a combination of natural 
causes and the imperfections in our methods of transporting and holding these 
mosquitoes. 

2. Tire reduced percentages of mosquitoes from the treated houses which 
were both engorged and survived twenty-four hours are striking. Thus for the 
period January to October 1945 only 4.2% of anophelines from treated houses 
w^ere engorged and survived twenty-four hours as compared with 38.3% from the 
control houses. The comparison of percentages for culicines is approximately 
the same. 


3. A comparison of tables 5 and 6 wdll also show that even in the treated houses 
the percentage of engorged anophelines survhdng twenty-four hours (4.2%) is 
markedly lower than for unengorged anophelines sundving twenty-four hours 
41.7%). The fact that engorged Anopheles show a decidedly greater mortality 
than imengorged individuals provides indirect evidence that the engorged 
Anopheles have a longer contact period wdth DDT. This is a consequence of the 
behavior characteristic we have already noted, i.e., engorged mosquitoes tend 
to rest for a period on convenient nearby surfaces before flying off with theh 
heavy blood meal. In effect there is a selective killing of the engorged mosqui- 
toes, a matter of primary significance in understanding the reduced malaria 
transmission potential. 

4. It is of special interest to note the percentages in both tables 5 and 6 
for December 1945, the sixth month after the third spi-aying. We find that DDT 
effects on engorgement and survival seem ^vholly wanting, there being no 
significant differences between control and treated houses. It is thus indicated 
that six months is too long an interval between retreatment|. 

5. We have eaidier mentioned that the criterion for retreatment at the end 
of the first four-month period (March 1945) was not an increase in total numbei-s 
of anophehnes, but the lack of reduction in twenty-four hour sur\'ival rate. 
If we compare, for February and June 1945, the percentages of Anopheles from 
the treated dwellings which are engorged (table 4) uith those which are both 
engorged and survive twenty-four hours (table 6) we find that they are the 
same. It is thus demonstrated that while in the fourth month after treatment 
the blood-engorgement is still reduced, there is no twenty-four hour mortahty 
among these engorged Anopheles. The lack of “delayed” mortality in the fourth 
post-treatment month might be taken as the criterion for retreatment at the end 
of three montlis. The total reduction of Anopheles and the low rate of engorge- 
ment in those which are found during the fourth month seem, however, to com- 
bine to give adequate protection despite the lack of “delayed” mortahty. 


Beyond this point retreatment is indicated. 

Summary. It is now of interest to review the possibilities of malaria trans- 
mission in the light of the “three step” control of vectors demonstrated above. 
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A summary of the progressive effect of each of the three steps is contained in 
table 7. 

Tlie per cent reduction of blood-engorged Anopheles for each four-month post- 
treatment period will be found to be even greater than that recorded under 
“All Aiwphcks”. The blood-engorged Anopheles surviving twenty-four hours 


TABLE 7 

Average number of Anopheles per house, per month, based on semi-icicekly catches totalling 

S7,40€ specimens 



JOL ANornr.LTS 

n Looi>*r-v COR ced 
ANonirxxs 

BLOOD-EKCORCED 
AKOniEtXS SUlVrMNG 

24 noxnis 

Control 

Trtatcd 

Ratio 

of 

trta-ted 

to 

control 

Per 

cent 

re- 

duc- 

tion 

Control 

Treated 

Ratio 

ot 

tre.->ted 

to 

control 

Per 

cent 

re- 

duc- 

tion 

Con- 

trol 

Trc.alcd 

Ratio 

of 

treated 

to 

control 

per 

cent 

re- 

duc- 

tion 

»Oct. ’44 

11S2.4 












Nov. 

952. S 



97.6 

1174.5 

1.0 


99.9 





Dec. 

ESS 

109.5 

.295 


266.5 


IQh 

9S.5 





Jan. ’45 



.156 

51.4 

116.6 

6.5 


94.4 




99.5 

Feb. 

3G3.4 

54.5 



169.6 


|H 

97.6 

145.0 

m 


97.2 

March 

3fO<4 

32.5 


91.3 

175.6 

1.5 

.009 

99.1 

161.2 



99.4 

April 

33S.2 

31.5 

KBs 

BOH 

153.6 

3.5 

.023 

97.7 


2.5 

.018 

98.2 

May 

154.0 

23.5 

.153 

SI.7 



.037 

96.3 

77.2 


mi 

97.4 

June 


18.5 

.061 

93.9 

166.4 


.003 

99.7 

158.2 



99.7 

Julj* 

514. G 

2.0 





.000 

100.0 





Aug. 

358.4 

G.O 


98.3 

152.6 


.007 

99.3 

134.4 




Sept. 

3G7.S 

14.0 


96.2 

117.2 

0.5 

.004 

99.6 



.047 

95.3 

Oct. 

581. 8 

37.0 

.064 


159.4 

2.5 

.016 

98.4 

146.8 

uR 



Nov. 

571.4 

37.0 

.065 


179.6 

6.5 

.036 

96.4 


HR 


97.4 

Dec. 

185.8 


.110 




.100 

90.0 

78.6 

IE 

■ 


89.7 

Average 


32.1 

.079 

92.1 


m 


98.7 

134.6 



98.5 

Nov. ’44-Feb. ’45 

488.1 

5G.9 

.117 

88.3 

431.8 

3.9 


99.1 





Mar.-Jime 

292.1 

26.5 


sigCi 

144.1 

2.1 


98.5 

134.2 

1.5 


98.9 

Jul.-Oct. 

455.7 

14.8 

n 

96.8 

167.5 

1.0 


99.4 


■ 


99.9 


^ Pretreatment month. 


show yet higher reduction percentages. For the third four-month post-treat- 
- ment period (Jul3^-October, 1945) the reduction of blood-engorged Anopheles 
su^^^.^^ng twenty-four hours reaches the impressive figure of 99.9%. The 
possibility of malaria transmission in the houses of the treated village during this 
period becomes exceedingly remote. 

Another point emphasized in this table is the progressively increased 
effectiveness of each successive treatment. If we examine under ‘ ‘All Anopheles' ' 
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the column for 'Ter Cent Reduction” we find88.8%for the first four-month post- 
treatment period (Nov. ’44-Feb. ’45), 90.9% for the second period (Mar.-June 
’45), and 96.8% for the third period (July-Oct. ’45). This is probably due to 
the fact that in each case a residue of DDT remains from the previous treatment, 
and the fresh treatment adds DDT to that already present. 

TABLE S' 


Average number of culidnes per house, per month, based on semi-weekly catches totalling 

S0,742 specimens 



ALt CULICINES 

BLOOD-ENGORGED 

CULICINES 

BLOOD-ENGORGED CDUONES 
SURVIVING 24 HOURS 




1 

6 

3 


1 

'V 

V 

ii 

3 


1 

. *0 

u 

3 


Control 

Treated 

Ratio of tre 
to control 

o 

** 

a 

“•2 
t> ** 

Control 

Treated 

S’o 

^ a 
o o 
o « 
o 

rt •** 

Pi 

a 

‘^S 

s- 

Control 

Treated 

Ratio of ties 
to control 

it 

M 

a 

“S 

S’- 

Pm 

»Oct. '44 

245.6 

224.0 





I 






Nov. 

194.4 



94,6 

m 

B 







Dec. 

362.8 

98.5 

.272 

72.8 




99.5 





Jan. ’45 


152.5 

.593 

ROW 

86.8 


.230 


72.2 

6.0 

0.083 

91.7 

Feb. 

259.6 


.258 

74.2 

118.8 

wm 


99.9 


7.0 



Mar. 

264,6 

16.5 

.062 

93.8 

86.6 

H 

.023 

97.7 

82.2 

2.0 

.024 

97.6 

Apr. 


24.5 


92.8 

123.2 

m 


foiimi 

121.2 

0.0 


100.0 

May 

151.8 


.277 

72,3 

66.8 

7.5 

.112 

88.8 

65.8 

7.0 


99.4 

June 


18.0 

.085 

91.5 

77.8 

1.5 


98.1 

75.2 

1.5 

H 

98.0 

July 


11.5 

.106 

99.4 

49.8 


1^1 


41.4 

m 

R i 

100.0 

Aug. 


18.0 

.089 

91.1 


QR 

.015 

98.5 


EE 

M'S 

99.0 

Sept. 


23.0 


92.3 

82.6 

Qn 



69.2 

m 

Ml ! 

98.6 

Oct. 

285.8 

13.0 


95.5 

78.4 

InE 


99.4 

66.2 


MS! 

99.2 

Nov. 

365.8 

54.0 

.148 

85.2 


5.5 

BiBi 

96.8 


5.5 

Mf 1 

95.1 

Dec. 

276.4 

28.0 


99.9 

H 


.138 

86.2 

78.8 

12.0 

.152 

84.8 

Average 

255.6 

41.2 

E| 

m 

85.1 

5.3 


93.9 


m 

.046 

95.4 

Nov. ’44-Feb. ’45 

268.5 

82.1 


n 

84.4 

10.2 

.121 

87.9 





Mar.-June 

241.6 

25.3 

|ro' 

99.5 



Km 

96.8 

86.1 

2.6 

m 

97.0 

Jul.-Oct. 

224.2 

16.4 

El 

■ 



B 

m 


ESI 

B 

99.1 


1 Pretreatment month. 


For purposes of comparison, similar data for culicine mosquitoes are given in 
table 8. These will be found to confirm, in a general way, the results obtained 
with anophelines. 


Si-able Trap Catches 

The data from the horse-baited stable traps placed in and around the treated 
village are of much interest. A full discussion of the relation of anopheline 
abimdance to meteorological and other conditions cannot be given here, but there 

































BPRAimG vrcrE ddt m coirrnoh of malaru 


407 


are several gross features of importance for this experiment. We can see from 
table 9 and Chart II plotting the abundance of Amphelss that, in the area con- 
sidered, there are well defined seasonal fluctuations; the period of minimum 

TABLE 9 


Average nightly catches of Anopheles from horse-baited stable traps at Gatuncillo 


■WEEK OP 

lEAP SI 

TEA? S2 

TEAP S3 

TtXEK OP 

TKAP SI 

TRAP S2 

TRAP S3 

Oct. 8, ’44 

384 

746 

90 

May 6 

6 

15 

17 

15 

402 

402 

183 

13 

5 

16 

5 

22 

460 

860 

265 

20 

12 

15 

9 

29 

567 

865 

192 

27 

8 

20 

5 






Ifi 

16 

Q 








First DDT Treatment 


10 

26 

15 

IS 





17 

34 

71 

86 

Nov, 5 

126 

35 

91 

24 

23 

52 

26 

12 


47 

149 





19 

223 

121 

164 

Third DDT Treatment 


26 

199 

272 

126 





Dec. 3 

170 

200 

370 

July 1 

15 

33 

28 

10 

133 

328 

262 

8 

8 

11 

50 

17 

100 

23 

120 

15 

13 

27 

63 

24 

136 

11 

88 . 

22 

34 

52 

54 

31 

80 

56 

133 

29 

19 

44 

39 

Jan. 7, ’45 

34 

42 

40 

Aug. 5 

19 

17 

12 

14 

64 " 

53 

145 

12’ 

59 

51 

■ 108 

21 

135 

79 

126 

19 

168 

56 

79 

28 

125 

44 

106 

26 

82 

55 

66 

Feb. 4 

97 

136 

180 

Sept. 2 

74 

35 

89 

11 

138 

88 

104 

9 

185 

99 

216 

18 

212 

178 

70 

16 

62 

81 

58 

25 

188 

No catch 

130 

23 

91 

64 

74 





30 

145 

67 

141 

Second DDT Treatment 


Oct. 7 

144 

166 

104 





14 

345 

483 

171 

Mar. 4 

■M 

8 

83 

21 

245 

352 

154 

11 


22 

86 

28 

284 

678 

298 

18 

54 

20 

61 

Nov. 4 

229 

918 

249 

25 

25 

5 

22 

11 

432 

652 

260 

Apr. 1 

mm 

9 

39 

18 

84 

3S7 

157 

8 

mm 

12 

21 

25 

148 

737 

210 

15 

26 

133 

18 

Dec. 2 

189 

611 

271 

22 

38 

36 

11 

9 

78 

139 

166 

29 

9 

91 

21 

16 

121 

105 

124 





23 

78 

103 

so 


numbers being in May, that of maximum numbers being at the end of the wet 
season, during October and November. Examinjition of the curves for the last 
several months of 1945, at a time when no DDT had been applied for a number of 
months (the last treatment having been at the beginning of July) shows tliat the 
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natural drop in numbers occurs during the latter part of November or in 
December, coincident with the end of the wet season and flood conditions. K 
we consider then the portions of the cur\^e for the last months of 1944 we note a 
decided modification of this natural trend. Examining first Gatuncillo stable 
trap number two, located in the center of the treated village, we note a dramatic 
drop from a level of 402-8G5 Anopheles per night, in October, to a level of 35-47 
per night during the w'eeks of November 5th and 12th. The drop is obviously 
a consequence of the DDT house spra3dng the week of October 29th. This 
spraying was performed at a time when the Anopheles were at their maximum 



CHA.B.T II. Chart Showing Anopheline Mosquito Abundance in Three Stable Teats 

AT AND NEAR GaTUNCILLO, PaNAMA 

numbers for the year, but in spite of this heavy population pressure, there was 
excellent control in the village area for two weeks. By the week of the 10th of 
December the population had recovered to the point where 329 Anopheles per 
night were taken. At this point the flood intervened, producing a sharp drop 
the follow'ing week. With the almost complete absence of rainfall after this 
point the population recovered only to the moderate level of abundance char- 
acteristic of dry season. There wms unfortunately no catch made the week o 
February 25th, but the drop the following week, coincident wdth the secon 
house spraying on March 1st and 2nd, is obvious. The drop at this time is rnore 
prolonged, persisting for six weeks. This may be due to the accumu 
effect of a second spraying, the greater effectiveness of the spraying at a nn 



SPRAYING WITH DDT IN CONTROL OF MALARIA 


409 


when anopheline population levels are small or moderate, or to an undetermined 
natural phenomenon. The third spraying of Gatuncillo on the 3rd and 4th of 
July came at a time Avhen the anopheline level was low and little effect is ap- 
parent in the chart at this time. The normal expansion of the anopheline 
population in October and November of 1945 was apparently in no way in- 
hibited by the prior sprayings. 

Considering then the anopheline population of the village area outside the 
houses the fohowing tentative generalizations may be made. 

1. Even at times of great anopheline abundance a high degree of area control 
may be effected for a period of two to three weeks by a spraying of houses alone. 

2. During a period of moderate anopheline abundance, effective control for 
six weeks foUovdng house spraying may result. 

3. House spraying three months prior to a period of great anopheline 
abundance is wholly ineffective in preventing the normal increase of Anopheles 
in an area. 

Having demonstrated that DDT spra 3 dDg of houses may produce significant 
modifications in the anopheline population of the village area outside the houses, 
as well as in the houses themselves, we may now inquire into the effects of this 
treatment in the forest surroimding the village. An examination of the chart of 
anopheline abundance in Gatxmcillo stable trap number one provides information 
on this point. This trap is located approximately three hundred feet north-east 
of the treated village (See aerial photograph, plate I, figure 1). While this trap 
does not catch such great numbers of Anopheles as trap number two, the general 
configuration of the chart showing captures in it is the same. The drop in 
numbers of Anopheles the week of November 5th, 1944 corresponds with that in 
trap number one, but is of lesser magnitude. In the month preceding treat- 
ment of Gatuncillo, October 1944, average nightly catches of Anopheles were 
from 384 to 567. For the two weeks following treatment catches dropped to 
126 and 152. Again at the time of the second spraying a marked drop from 188 
Anophelesper trap-night the week of February25th, 1945 to 42 per trap-night the 
week of March 4th may be noted. As with trap number two, the mosquito 
populations at the time of the third sprajdng, July 3rd and 4th, 1945, were too 
low for any significant effect to be shovm. The high anopheline populations of 
the following October and November are similar to those which appeared in 
trap number two. 

From these data it may tentatively be stated that not only does house sprajing 
in a village reduce the anophelines of the houses and the village area itself, but 
also significantly modifies the populations in the adjacent forest up to at least 
three hundred feet. House spraying alone, therefore, gives some measure of 
protection not only in the houses, and in the village streets, but in the forest 
immediately adjacent to the treated village. We may call this “peripheral 
effect”. 

The graph showing anopheline catches from stable trap number three, some 
nine hundred feet south of Gatuncillo (Chart II), may next be examined for 
further peripheral effects. It will be seen at once that there are no dramatic 
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drops in catches following the first two spra 3 nngs, as may be observed in the 
graphs for traps one and two. The peripheral effect apparently does not, there- 
fore, extend for distances as great as nine hundred feet. 

EFFECTS ON MALARIA 

The effect on malaria incidence is the ultimate criterion of the success of the 
residual spray method. In the area here considered, where malaria is endemic, 
significant data from the malaria indices may be obtained only after a period of 
several j'ears. Information which we now have, however, covering the fourteen- 
month period since the first sprajdng, is very suggestive of a sigruficant down- 
ward trend in malaria incidence in the treated village. 


TABLE 10 

Comparison of malaria rales at three Chagres River villages, based on the cumulative rate in 
individuals examined cither five or six limes during the year 



SANTA ROSA AND GUAYADA* 
UTO 

CATUNaU.0 

DITTERENCE 

T94(M1 

45.0% 

33.3%, 

-12.3% 

1194H2 ! 

52.8% ‘ 

00. 9% 

-1-8.1% 

11942^3 

39.7% 

40.7% 

-h7.0% 

‘1943-44 

42.5% 

45.5% 

-f3.0% 


Untreated 

Treated 


*1944-45 

51.3% 

24.0% 

-27.3% 

>1945 

52.0%, 

14.8% 

-37.2% 


‘ Annual rate based on the year September to August. 

* Annual rate based on the year November to October. 

* Annual rate based on the year January to December. 


Malaria indices given here are based on the bimonthly thick blood-film sur- 
veys made by Dr. H. C. Clark and his technicians. These surveys are made 
each February, April, June, August, October and December. For convenience 
the “year” used by Dr. Clark is from September to August. Since the first 
spraying of Gatuncillo was performed at the beginning of October 1944, we have 
broken down the data from the bimonthly surveys and here present the indices 
for the one-year period November 1944 to October 1945 (table 10). This is the 
twelve-month period immediately following our first spra 5 dng. We have also 
extracted the data necessary to calculate the indices for the twelve-month 
period January to December 1945, the year commencing two months after the 
first spraying. The use of this last mentioned period eliminates positive bloo - 
films occuring in the period immediately following the first spraying, i.e., malaria 
contracted prior to the first village treatment. The decline of the malaria 

at Gatuncillo, in the period following treatment, is striking, the cumulative in ex 

being 14.8% for 1945 as compared with 52.0% for the same one-year period a 
the control villages of Santa Rosa and Guayabalito. 
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These indices for the 1945 period are unfortunately based on relatively small 
numbers of individuals, as but tAventy-seven persons were examined either 
five or six times during the year at Gatimcillo, and seventy-nine at Guayabalito 
•and Santa Rosa. Wliile we have survey data from three to four times as many 
individuals, those persons examined less than five times during the year have been 
eliminated, since b}'’ then- absence from the villages at the time of sunmys they are 
disqualified as continuous residents of the houses with which Ave are concerned. 

One difficulty in attempting to establish, by an examination of the parasite 
■index, whether or not malaria transmission has been stopped, arises from the 
uncertainty as to AAffiether a positive thick film represents a relapse from preAuous- 
ly contracted malaria, or a fresh infection. In the Aullages here studied persons 
positive on blood thick film examination are treated AAuth a five day course of 
atabrine of 0.1 gram, three times a day. (See Clark and Komp, 1941, and 
Annual Reports of the Gorgas Memorial ‘Laboratory.) It has been indicated 
by McCoy (1945) and others that falciparum is less likely to relapse than vivax 

TABLE 11 


Comparison of falciparum malaria rales at three Chagres River villages, based on the 
cumulative rale in individuals examined either five or six times during the year 



SANTA ROSA AND CDAYABA* 
tITO 

GATUNCILLO 

DDcFERENCE 


(Control) 

(Treated) 


'Nov. 1944-Oct. 1945 

39.7% 

12.0% 

-27.7% 

*Jan. 1945-Dec. 1945 

1 

39.2% 1 

7.4% 

-31.8% 


‘ Tweh'e month period immediately following first spraying. 

* Twelve month period commencing two months after first spraying. 


following the administration of atabrine. It is therefore of interest to extract 
the index for falcipanim malaria alone for the period folloAving the first vUlage 
spraying. These data are presented in table 11. The difference between the 
indices in the control and treated villages is even more marked than that noted 
in the preceding table which considers all forms of malaria together. 

A more detailed analysis of the effects of the residual spraying on the malaria 
in these villages is in order, and aauII be made by Dr. H. C. Clark at a later date. 

COST ESTIMATES 

The materials used in the present experiment were DDT and kerosene. Based 
on the experience of seA'eral treatments we find that approximately three gallons 
of solution are used per house. This represents approximately a pound and a 
quarter of DDT per house. The cost of DDT has undergone great reduction in 
the period since this experiment began, AA'hen limited quantities for experimental 
use only Avere available. Stierli ct al. (1945) use $0.64 per pound in calculating 
costs, but recent information from the Office of the Surgeon General, U. S. Army, 
indicates that the cm'rent price in the United States, less OA'erseas transportation 
costs, is SO .46 per pound. The actual cost delivered to the various Caribbean 
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countries D’iU varj’^ A^th transportation costs and possible duties. For purposes 
of our calculations we will use the arbitrary figure of S0.50 per pound. This 
should be a fair estimate of the cost, of DDT in this area, at the time this report 
becomes available. Kerosene for this experiment was locally obtained at S0.07 
per gallon from the oil storehouse of the Panama Canal. The cost of materials 
for the treatment of each house is thus approximately $0.84: $0.21 for three 
gallons of kerosene and $0.63 for a pound and a quarter of DDT. 

To treat tAventy-fivc houses we found it took two laborers and a foreman bro 
days. Laborers received $1.25 a day, the foreman $3.33 per day. The total 
cost of labor to treat twenty-five houses was thus $1 1 .66 or $0.47 per house. The 
combined cost of materials and labor was $1.31 per house. For the three treat- 
ments per year here recommended the cost per house, per year is $3.93. 

There are several factors which influence this cost estimate. 

1. The labor cost per house is high, since we treated only one relatively small 
village, and considerable time Avas axpended in instructing operators how to apply 
the solution at a uniform rate. The same amount of labor, once proficient, and 
routinely engaged in Avork of this sort, could accomplish much more in a day and 
substantially reduce labor costs. 

2. With the cane and thatch construction present in the village, spraying out- 
side as AA'ell as inside houses aa'os desirable. Elsew'here in this region where solid 
wall construction is used it would be necessary to spray only the interiors. This 
would substantially reduce the costs of both labor and material. 

3. As we haAm noted previously the area of our experiment is one where the 
most difficult conditions exist since anopheline production proceeds throughout 
the year, even in the height of the dr^' season. In AA'estern Panama and else- 
where, Avhere dry season conditions of three or four months seriously inhibit 
Anopheles production, it is probable that two treatments per year, strategically 
timed at the beginning and middle of the rainy season, AA'ould provide pro- 
tection of as high an order as that obtained on the Chagi’es Rwer with three 
treatments. The annual cost per house might thus be reduced bj’’ one third. 

4. The equipment used in this experiment Avas Army issue and its cost and 
depreciation is not included in the cost estimate since data of this sort are not 
available. Were a long-term large-scale program of DDT residual house spraying 
set up, howeAmr, the inital cost of equipment AAmuld not add substantially to the 
per-house cost of the work. 

5. In a large-scale progi’am over a considerable area transportation cost would 
be introduced. 


DISCUSSION 

Of the non-naturalistic methods, there are two classes of mosquito control 
for reducing malaria transmission now imiversally employed. They are spoken 
of as permanent and temporary. Permanent control consists of such measures 
as drainage of breeding areas in a radius a mile or so about the area to be pro- 
tected, and screening dwellings. These are relatively expensKe measures u 
quite justified in areas of concentrated populations, as large towns an ci lo^ 
particularly where indiAudual incomes are substantial. Temporary measur 
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such IIS larviciding arc less expensive but must be frequently repeated. In 
small rural communities and particularly in areas of scattered individual houses 
the cost of this work is often virtually prohibitive. It is also difficult to super- 
vise work of this sort. 

The DDT re.sidual spraying of dwellings essentially meets the needs of this 
latter situation, providing the ])opulation is a relativeh' domestic one. The ten- 
dency to kill selectively the engorged, and hence iiotcntially infected mosquitoes, 
makes for gi-cat efficiency. The technique tends to bring malaria control a step 
beyond "species control” to “infected mosquito control". The relatively low cost 
of the method makes malaria control possible among the poorer classes, those 
most needing it, .since they now receive little or no jirotection, and constitute the 
main "seed bed” of the disease. It, is an ironic but fortuiiate circumstance that 
DDT residual treatments will work best where the people arc poorest. The 
lower income classcs in the .-Vmeric.an tropics cannot afford and do not use paint 
on their dwellings. A characteristic of DDT is that it is far more effective, both 
initially, and in its residual effects, on unpainted surfaces. Since this low income 
group constitutes the main "seed bed” of malaria, effective control at tliis level 
will give added protection to the higher income classes, as the main source of mos- 
quito infection will have been eliminated. 

There is a p.sychological factor, wholly irrelevant to the malaria control 
picture, but nevertheless of great importance. The rural inhabitant of the 
American tropics with a meager education is ill equipped to appreciate the nature 
of malaria transmission, and it is difficult, to impress him with the value of such 
measures as landciding. DDT residual sprajdng of dwellings produces not only 
an immediate and obvious reduction of Anopheles in his home, but reduces the 
anno 5 ’’ancc from pest mosquitoes as well {See tables on culicine mosquitoes). 
In addition, such hou.sehold pests as coclcroaches, ants, bedbugs, and wasps are 
markedly reduced. It was our experience that while there was at first consider- 
able scepticism and some objection to the fimt treatment of the experimental 
village, the inhabitants welcomed retreatment and were cooperative in every way 
thereafter. A favorable psychological attitude of this sort facilitates operations 
and provides a bod}' of public opinion which will tend to approve expenditure of 
public funds for the work. 

SUMMAKV AND CONCIiTJSIONS 

This paper reports the results of the first fifteen months study of the DDT 
residual house spray method in the middle Chagres Eiver area of Panama, where 
the principal malaria vector is Anopheles alhimanus. 

Houses of cane wall and palm-thatch roof construction at the village of Gatun- 
cillowere sprayed, inside and out, with a 5% solution of DDT in kerosene at four- 
month interv'als (excepting one trial period of sLx months). Entomological ob- 
sera'ations were made at this treated village and two adjacent villages used as 
controls. 

It is demonstrated that with this technique anophelines visiting the dwellings ' 
are affected in three ways: 

1. There is a large reduction in numbers of mosquitoes. 
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2. Among the mosquitoes which are taken in treated dwellings there is a 
marked reduction in the per cent engorged, since DDT activates the insects and 
they lose interest in feeding. 

3. Among the engorged mosquitoes the twenty-four hour survd^’-al rate is low 
for three months after treatment. 

It is thus indicated that the technique tends selectively to reduce the malaria 
transmission potential by affecting principally those mosquitoes concerned in 
transmission. 

Four months is established as the optimum time for retreatment in the area 
studied. 

It is demonstrated that with each successive treatment the degree of control 
improves. (For the period following the third treatment the malaria trans- 
mission potential is reduced 99.9%.) 

Treatment of houses alone was found to produce marked reduction of mosqm- 
toes in the village area outside the houses, and even to some measure in the 
forest adjacent to the village (for at least tlmee hundred feet), for several weeks. 

There is evidence of reduction of malaria in the fourteen-month period follow- 
ing the first treatment. 

The cost of the treatment imder conditions of this e.\periment is calculated as 
$1.31 per house. Factors affecting the cost of applying the method elsewFere in 
tropical America are discussed. 

The place of this method in relation to other malaria control procedures and to 
the economy of the area is discussed. 
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I. INTRODUenON 

It is tlie main purpose of this paper to present a summary of the existing Icnow- 
ledge of the epidemic encephalitides occurring in the Far East. These diseases 
are relatively unfamiliar to the majority of American physicians. Since the 
chances of their being encountered in portions of the eastern Asiatic continent 
seem likely, and, since the possibility that they may be introduced into the 
United States must be considered, it was thought that a description of their 
epidemiologj', clinical manifestations, and diagnosis would be of interest. Two 
t 3 ’pes of acute encephalitis caused bj’ filterable viruses are endemic in the Far 
East; these are Japanese B encephalitis and Russian spring-summer en- 
cephalitis. 

Most of our present knowledge regarding Japanese B encephalitis dates from 
1928 when a comprehensive paper bj”^ Kaneko and Aoki appeared (1), in which 
these authors concluded that the acute epidemic encephalitis occurring in Japan 
in the late summer and autumn was a distinct clinical entity and was to be 
differentiated from encephalitis Ictiiargica (von Economo's disease). Since 
both forms occurred in Japan thej^ designated encephalitis lethargica as Type 
A and the newty described syndrome as Type B encephalitis. The latter 
has also been called “summer cerebrospinal fever” and “atj^pical poliomyelitis 
of Japan.” Since 1934 the etiologic agent of this disease has been repeatedly 
isolated by Japanese workers and it is probable that occasional isolations were 
made prior to that time (1, 2). 

In the Russian literature there is described a disease which occurs in the 
autumn months in eastern Siberia and which is termed “autumn encephalitis” 
(3). (This is not to be confused with Russian spring-summer encephalitis.) 
Most evidence points to the fact that in all probability Russian autumn and 
Japanese B encephalitis are identical syndromes. They have a similar epidemi- 
ology and clinical course, and the pathological changes produced by each are 
likevTse indistinguishable. In this review no differentiation will be made be- 
tween these diseases. Certain cross-immunity studies, however, present some 
conflicting evidence regarding the synonomy of these two diseases, and before it 
can be stated with certainty that they are caused by the same filterable virus, 
further research is indicated. 

In eastern Russia and Siberia there occurs another acute encephalitis, pri- 
marily affecting workers in the forests which has been named “spring-s umm er” 
or “verno-aestival encephalitis” because of its pronoimced seasonal nature. 


» Capt., Sii.C., A.U.S. 
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The infection also appears in the literature as “tick-borne encephalitis" and 
"wood-cutters’ disease.” The causative agent of this disease is also a virus 
and was discovered by Silber in 1939 (4). 

n. JAPANESE B ENCEPHALITIS 

A. Epidejniology: 

Incidence: It is likely that the Japanese Islands have been endemic areas for 
acute viral encephalitis since 1870 and probably before. In certain prefectures 
the summer months were invariably accompanied by localized outbreaks and 
occasionally isolated cases of acute encephalitis or meningo-encephalitis. 

TABLE 1 


Tho incidence of Japanese B encephalitis in Japan from 1924 to 19S7 


YEAR 

total cases 

CASES PEE 100,000 

TOTAI. DEATHS 

DEATHS FES 
100»000 

FATALITY RATE 

1924 


10.4 

3,797 

6.4 

62.0% 

1925 


0.2 

69 

0.1 

49.6% 

1926 

864 

1.4 

583 

0.9 

67.5% 

1927 

1,006 

1.6 

716 

1.1 

71.2% 

1928 

72 

0.1 ' 

50 

0.07 

69.4% 

1929 

2,058 

3.1 

1,340 

2.0 

65.0% 

1930 

499 

0.8 

360 

0.58 

72.14% 

1931 

129 

0.2 

' 97 

' 0.15 

75.19% 

1932 

689 

1.0 

391 

0.57 

56.46% 

1933 

791 

1.2 

510 

0.77 

64.48% 

1934 

278 

0.4 

171 

0.25 

61.51% 

1935 

5,370 

7.8 

2,264 

3.3 

42.16% 

1936 

1,305 

1.9 

696 

1.0 

53.33% 

1937 

2,030 

2.8 

1,115 

1.5 

54.93% 

Total 

21,355 


12,159 


56.9% 


From Matheson Commissioa Report III, page 159, 1939. 


Sufficient cases to warrant the description “epidemic” occurred in 1873, 1901, 
1903, 1907, 1909, 1912, 1916, 1917, 1919. In 1924 an outbreak of cases occurred 
in mid-summer, creating panic in the inhabitants of Central Japan. More than 
6,000 clinical cases with nearly 4,000 deaths were recorded within six weeks, and 
Kaneko and Aoki have aptly described it as a “blitzschlagahnliche” epidemic. 
Table 1 is a compilation of the morbidity and mortality of Japanese B. en- 
cephalitis in Japan from 1924 to 1937, the last j'^ear for which reliable figures are 
available. 

No information has come to the UTiter’s attention regarding the incidence of 
encephalitis in Japan since 1940. It will be noted that even in mild or non- 
epidemic years the fatality rate of Japanese B encephalitis is formidable. The 
morbidity and fatality rate figures prior to 1924 may not be entirely accurate, 
and are therefore not included in Table 1. In recent years, owing to more accu- 
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rate diagnosis together with the stricter enforcement of ordinances requiring the 
reporting of cases, the epidemiological reports of Japanese B encephalitis are 
more trustworthy. 

There is a difference of opinion regarding the validity of the high fatality rate. 
It is claimed by some (1, 6) that because of mild undetected cases of Japanese 



Fig. 1 

B encephalitis, particularly in the young, the fatality rate is lower than it actually 
appears. The demonstration of the presence of virus neutralizing antibodies in 
many Japanese who have never had clinical encephalitis lends support to this 
view. 

Season and climate: Japanese B encephalitis is a disease of the summer and 
early autumn. In Japan the daily temperatures reach a maximum at the end of 
July and August, and it is interesting to note that the morbidity peaks in epidemic 
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years have usually occurred at this time. The hotter the season the more likeli- 
hood of an epidemic. When epidemics occur they do not strike all areas si- 
multaneously but usually originate in the southwest (6). 

Geographical distribution: Japanese B encephalitis, in addition to Japan 
proper, has been observed in Siberia, Korea, Ryukyu Islands, Formosa, China, 
especially in the vicinity of Peking, and in the Maritime ICrais. The disease has 
never been reported in the Pliilippine Islands (fig. 1).- 

The massive epidemics of Japanese B encephalitis have been restricted to the 
Japanese Islands and exhibit a rather sharp geogi-aphical localization, even 
within these confines. The provinces bordering on the Inland Sea, just below the 

TABLE 2 


Japanese encephalitis morbidity and fatality rates for the 1924 epidemic by prefectures 


PREPZCTUltE 

ONSET OT EriDElUC 

CASES 

DEATHS 

TATALITV 

EATE 

Kagawa 

Beginning August 
Ending August 

Ending July 

Beginning August 

Mid July 

Beginning August 

Mid August 

Mid August 

Beginning August 
Beginning September 
Mid July 

Beginning August 

1,973 

826 

1,189 

545 

60.2% 

Kyogo 

■ 65.9% 

Toyama 

712 

438 

61.5% 

Okayama 

656 

462 

70.4% 

Tottori 

423 

210 

49.6% 

Tokushima 

324 

222 

68.5% 

Hiroshima 

279 

203 

72.7% 

Ihiihe 

263 

148 

56.2% 

Nagano 

202 

100 

49.5% 

Akita 

156 

94 

60.2% 

Yamaguchi 

145 

89 

61.3% 

Fukuoka 

121 

59 

48.7% 

Shimane 

108 

74 

68.5% 

Aomori 


103 

61 

59.2% 

Kochi 

Ending July 

101 

11 

10.8% 

Bemaining 32 provinces 

559 

264 

47.2% 





All Japan 


6,949 

4,169 

59.93% 





Kaneko and Oald: Ergebn. d. Inn. Med. U. Kinderbeilkunde, 1928, 34: 342. 


35th parallel, north latitude, have consistently been the chief foci and are among 
the hottest areas of Japan. Encephalitis of all types is less frequent in north- 
eastern Japan, a comparatively cool region during the summer months. The 
following table (table 2) is illustrative of the case distribution by prefectures in 
the 1924 epidemic and demonstrates the wide variation occurring in prefectures 
which may be in close proximity to one another. 

In the Maritime Districts (fig. 1) adjacent to the Sea of Japan, Japanese 
encephalitis begins at the end of August or during the middle of September, 
which is a few weeks after the usual appearance of the disease in Japan. 
the case of outbreaks in Japan, the Siberian outbreaks are usually preceded y ^ 
extremely hot and dry w'eather (3). 

*Pette (7), on the basis of the pathological findings alone, claims two fatal cases of 
Japanese B encephalitis have occurred in Germany. 
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The disease in Siberia, especially Khabarovsk, is primarily rural in its dis- 
tribution and rare in the larger settlements or tov-ms. Geographically it occurs 
on the steppes, barren plains and in the vicinity of lakes, swamps or marshy 
pools where the water is relatively stagnant. 

Up tmtil 1934 there had been few reported observations of encephalitis in 
China. Pfister (8) collected records of one hundred cases predominantly oc- 
curring in the winter months prior to 1929. These cases bear a closer re- 
semblance to encephalitis lethargica than to Japanese B. In Table 3 are tab- 
ulated the more recently recorded cases of acute epidemic encephalitis in China 


TABLE 3 

Reported cases of cnccphalilis probably dm to Japanese B virus in China, 13S4-1HI 


YEAS 

PIACE 



REPOSTED BY 

SEUAEK5 

1934-1935 

Peking 

2 

0 

Kuttner & Tung 

1 

One convalescent serum neu- 
tralized Japanese B & St. 
Louis viruses. 

One convalescent serum neu- 
tralized Japanese B. Not 
tested for St. Louis en- 
cephalitis. 

1935 

Amoy 

5 

? 

Su 

Occurred simultaneouslj’' with 
the epidemic in Japan. 

1937 

Shanghai 

5 

0 

Loowenburg 

Clinical description only. No 
laboratory studies. 

1938 

Peking 

13 

3 

Chu, Wu & Teng 

Neutralizing antibodies for 

1939 

Peking 

j 

16 

1 

1 

? 

Huang 

Japanese B virus developed 
in si.\ of eight tested in both 
series. Three had antibod- 
ies when first c.vamincd. 

1911 

Peking 

i 

1 

1 

Yen 

Fatal case in child. Virus 
isolated from brain was 
neutralized by Japanese B 
antiserum. 

Total 


42 

1 




which, on the basis of seasonal occurrence, clinical findings and in some crises 
Bcrolog}', are probably due to Japanese B virus. 

It is possible that mild or inapparent infections occur to a far greater extent 
than the above figures would indicate. In Formosa this disease reruns each 
summer with a somewhat higher incidence in cliildrcn tlian is found in Jap.an (G). 

Age, sex, and occupational distribution: Altliougli inappni-ent infections 
among the younger people may be responsible for the seemingly low morbidity in 
younger age groups, considering only frank cases, the numb<r of ]).a1icnt« with 
recognizable central nercous system symptoms increases ■svitli age. T2ie in- 
cidence and fatality rate in this infection increases markcfily in pen- on'-' over 
40 years (table 4), in which respect it resembles St. Louis enceidi.aliti'-' r-^currinii 
in the United States. 
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limura (6) finds no variation in this adult hypersusceptibility in epidemic and 
in inter-epidemic periods. 

Japanese B encephalitis occms somewhat more frequently in males than in 
females (1, 6). In 10,952 cases from 1924 to 1933 the sex ratio of cases, when 
corrected for the ratio of males to females in the population, w^as 124 males to 
100 females. 

The disease is not associated with any particular occupational group. Early 
reports (15) claimed that farming peasants were the most frequent suffers. In 
contrast limura in 1936 reported a preponderance of cases in the higher economic 
levels, with the greatest morbidity among “intellectual” workers. In the 
Tokyo epidemics, Inada formd aU social strata and occupations to be afSicted 
equally. 


TABLE 4 


Age distribulion of Japanese B encephalitis in Japan from 19S4 to 1933 


AGE GROUP 

CASES 

CASES/100,000 
or coRRES^>o^^>mo 

AGE GROUP 

DEATHS 

deaths/100,000 op 
CORRESPONDING 
AGE CROUP 

PATAUTX RATE 

0-10 

1,450 

9.6 

725 

4.8 

50.0% 

11-20 

1,221 

9.7 

618 

4.9 

50.6% 

21-30 

877 

9.3 

476 

5.0 

54.2% 

31-40 

841 

11.7 

468 

6.5 

55.7% 

41-50 

1,060 

16.9 

589 

9.5 

55.6% 

51-60 

1,805 

40.6 

1,187 

26.7 

65.8% 


2,335 

81.1 

1,675 

58.2 

-71.7% 

71-80 

2,127 

147.5 

1,770 . 

122.7 

83.2% 

81-90 

495 

183.3 

413 

152.9 

83.4% 

91-100 

24 

168.2 

19 

133.1 

79.4% 

Total 

12,235 


7,940 


64.9% 


From Matheson Commission Report III, page 162, 1939. 


Racial predisposition is not a determining factor. Orientals and Europeans 
are equally susceptible to this disease. Fatigue and undue exposure to heat 
and sunlight, may be contributing influences, although as regards the latter, 
Hashimoto and his associates (16) state that the 1935 Tokyo epidemic continued 
through cooler wmather. 

A^Tiile multiple cases in families do occur, their number is small, and certainly 
insufficient to support adequately a thesis of contact infection. Cases in physi- 
cians and nurses are rare. In Kaneko’s clinic there w'ere 54 cases during the 
1924 epidemic and even though no masks or gowms were wmrn, no infections oc- 
curred in the medical or nursing staff. 

In summary, Japanese B encephalitis is a disease w'hich is fatal in ap- 
proximately half its victims. The hot months of summer favor its propagation 
and the clinical cases predominate in older age groups. Occurring regularly m 
certain endemic locales, the disease victimizes those in all walks of life. 
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B. Vectors: It was formerly contended, particularly by Japanese workers (17), 
that Japanese B encephalitis was spread through contact with infected droplets, 
possibly originating in healthy carriers. While this thesis accounts in some 
measure for the epidemolo^cal behavor of this disease, it was superseded in 
1937 by the theory postulating mosquito transmission (18). 

The grounds for regarding this encephalitis as a mosquito-bome disease may 
be briefly stated : (1) Virus is present in the peripheral blood of mice and infected 
rodents and thus is accessible to mosquitoes (18) . (2) VTien Culez iritaeniorhyn- 
chus, C. pipiens, var. pallens, and Aedes iogoi, common Asiatic species, were al- 
lowed to feed on infected mouse brain they were readily infected (18, 19, 20). 
(3) The virus of Japanese B enoephahtis has been isolated from mosquitoes caught 
in the field. Russian and Japanese workers were able to isolate the virus from 
wild mosquitoes taken from epidemic areas but not from the same species simul- 
taneously trapped elsewhere (19, 20). Groups of wild mosquitoes consisting of 
Culez pipiens, C. tritaeniorhynchus and ‘‘Culez and Aedes” were shown to be in- 
fected when inoculated into mice (20). Although the Russian workers were not 
able to produce the disease in mice by the bite of naturally infected mosquitoes, 
Mitamura and associates claim to have accomplished this repeatedly. (4) Mos- 
quitoes once infected remained so for life and the Japanese have reported the 
presence of virus in ova of infected mosquitoes although adults developing from 
such ovd were found not to be infected (18). This, however, requires more con- 
firmation before being accepted. The species of mosquitoes most susceptible to 
experimental infection are C. pipiens, var. pallens, Aedes iogoi, and A. esoensis. 
These species are particularly prevalent during July and August in Japan, For- 
mosa, the Maritime Krais and parts of China and Siberia. It is worthy of men- 
tion that experimental transmission of this virus has been accomplished in species 
of mosquitoes indigenous to the United States (21). These were Culez pipiens, 
C. quinquefasciatus, Aedes nigromaculis, A. lateralis, and two species of CuUseta. 
Although, so far as the author is aware, Japanese B encephalitis has never been 
reported as naturally occurring in man or animals in this hemisphere, the pos- 
sibility of its accidental or deliberate introduction must be reckoned with. 

The natural reservoir for this virus in winter and non-epidemic peiiods is still 
unloiown. A report by Mitamura and his associates (22) claimed that they had 
demonstrated virus in the blood of dogs in Tokyo duiing July, August, and No- 
vember. These animals Avere brought from Hokkaido, a non-infected area, to 
Tokyo in rebruarj% The}*^ were kept under observ'ation in this endemic region 
for nine months and their blood Avas examined periodically for the presence of 
virus and neutralizing antibody. According to the Japanese Avorkers A’irus first 
appeared during July, August, or NoA’ember in the blood of six out of nine dogs 
tested. No statement is made as to hoAV long this A’irus persisted. Further- 
more, neutralizing antibodies appeared in these animals before or simultaneously 
with the findng of circulating A’irus. No mention is made as to titer of A’irus or 
antibody or Avhether these dogs Avere continuously exposed to mosquitoes. 

Other domestic animals are at present implicated as natural resen’oirs but only 
becjiuse antibody to the Japanese B virus b.as been demonstrated in their blood. 



424 


JOEIi WARREN 


Further studies must be performed before knowledge of the natural reservoir of 
this disease is complete. 

C. Clinical Description: Differential clinical diagnosis in any of the acute 
encephalitides is a difi&cult task and the hterature contains no information which 
would permit the clinician to diagnose an isolated case of Japanese encephalitis 
as such without the assistance of the laboratory. The following description of 
the disease is gleaned from Kaneko and Aoki, Inada, and Hashimoto, Kudo and 
Uraguchi. 

The incubation period of Japanese B encephalitis is approximately six to eight 
days. It may strike with explosive abruptness or it may follow a prodromal 
episode of malaise, headache and chills. The temperature raises rapidly to ap- 
proximately 104 degrees Fahrenheit and is usually accompanied by any or all of 
the symptoms of meningo-encephalitis. Headache, vomiting, and rigidity of the 
neck and upper extremities are frequent. The patient’s sensorium may range 
from the stuporous and apathetic to the violently delirious. Coma is frequent. 
As the disease progresses in its involvement of the central nervous system, death 
when it occurs usually ensues within the first week after onset. 

The common neurological findings are rigidity of the neck and extremities; 
the exaggerated deep reflexes found early in the disease are later diminished or 
lost. Ocular disturbances such as photophobia, nystagmus and diplopia are not 
uncommon but far less frequent than in encephalitis lethargica. Tremors of 
the tongue and hands as well as. aphasic speech disturbances were reported by 
Hashimoto, Kudo and Uraguchi in each of five cases occurring in Europeans and 
appear to be very commonly observed (1). 

The Kemig sign and the Babinskf reflex are only occasionally elicited. 

Fever remains elevated for variable lengths of time, usually falling by lysis on 
the fifth to seventh day in those patients who recover. 

Some disagreement exists as to the changes detectable in the chemistry of the 
spinal fluid The pressure is increased to 200-300 millimeters of water, and 
there is almost always a leukocytosis of from 50 to 700 cells with much variation 
in the differential count. There is an increased protein and normal sugar con- 
centration in the spinal fluid. 

Japanese B encephalitis infrequently results in extensive or prolonged sequelae. 
Parkinsonian symptoms are extremely rare. In 2,000 surviving cases studied by 
ICaneko and associates (23) the percentage of survivors exhibiting sequelae o 
any description was only 3.1%. 

As already mentioned, there is considerable evidence for the existence of cases 
of Japanese B encephalitis which are subclinical in their manifestation. Huang 
and Liu (24) report the case of a patient with a mild malaise, no cells in the 
fluid, and only a transient stiff neck. Nevertheless, this patient develop 
specific neutralizing antibodies during the next fe^v weeks. 

D. Pathology: The pathological changes resulting from infection with^ le 
Japanese B encephalitis virus are almost entirely limited to the central 
system and are similar to those observed in other types of epidemic encep Ja i 
They are of little differential diagnostic value. 
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There is a moderate amount of congestion of the meninges and the meningeal 
capillaries The grey matter of the cortex, basal nuclei and pons appears slightly 
pinkish on section, and there is congestion of the intracerebral vessels. 

Histologically, the vessels of the entire brain exhibit cuffs of mononuclear cells. 
Mild degenerative changes are found within the ncivc colls of any region of the 
brain or cord; small foci of necrosis and cvcnabsccas formationhavebeen reported. 
These are sometimes visible to the naked eye. 

Taniguchi ct al. (25) describe "elementary bodies” in the epithelium of Giemsa- 
stained infected rabbit cornea. Ilowcvcr, this work has not been confirmed and 
filtration studies would indicate that the agent is much smaller than Taniguchi’s 
description would indicate. 

E. Lahoraiory diagnosis: The l.aboratorj' diagnosis of Japanese B encephalitis 
comprises cither or both of bvo procedures. (1) Isolation and identification of 
the virus. (2) Demonstration of the appearance of specific antibodies for this 
agent in the patient’s scrum. 

The virus is readily isolated from the brain and in contrast to most of the other 
neurotropic viruses (with the exception of the Russian spring-summer and lympho- 
cytic choriomeningitis viruses) may be isolated from the blood and spinal fluid 
and it is sometimes detectable in the urine. 

The method of choice for the isolation of the virus of Japanese B encephalitis 
is the intnaccrebral inoculation of Swiss mice. The resistance of adult mice (25.0 
grams or more) to the peripheral inoculation of Japanese B encephalitis virus 
affords a rapid method for differentiation of the latter from the mouse adapted 
Russian spring-summer virus which will infect mice of an.y age when inoculated 
peripherally. According to Ivasahara (2G) it is often necessarj’’ to resort to 
“blind passage” for successful isolations. Other species readily susceptible to 
Japane.'^e B virus arc the Syrian hamster, monkey and sheep. Guinea pigs, rab- 
bits, and chickens have little or no susceptibility to this agent as contained in 
human tissue. 

By placing infected tissue in 50% buffered glycerin the virus can be preserved 
for at lea.st three months. A more satisfactory method, when feasible, is to 
freeze the material in a gas-tiglit container in solid carbon dioxide. Under these 
conditions the agent is viable for at least a year. 

It is not the purpose of this review to describe the symptoms which are pro- 
duced by the virus when it is inoculated into experimental animals. These are 
described at length in such a standard text on virus diseases as van Rooyen and 
Rhodes (27). 

Antibodies for Japanese B encephalitis arc usually demonstrated by the neu- 
tralization test. This consists of a comparison of the titer of a standard virus in 
serum knovm to be free of antibody with the titer of the same virus in the presence 
of the serum sample under study. The complement fixation test, employing in- 
fected mouse brain as an antigen, while not yet applied to the diagnosis of human 
infection, has been used successfully in the measurement of antibody in experi- 
mental animals and may prove to be a useful technique in human diagnosis. 

The interval between the onset of disease and the first appearance of antibodies 
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is not Icnown exactly. Kawamura states that 29 of 32 patients had antibodies 
three months after the fever had dropped, but they were not tested prior to this 
date (17). Three of Huang and Liu’s (24) cases developed neutralizing anti- 
bodies within three weeks (13, 14 and 21 days) but it is probable that antibody 
development occurs somewhat earlier and may be present in low titer shortly 
after onset. Antibodies have been shown to persist for five years or longer (2a). 

It is not possible to state what titer of antibody is a prerequisite for mating a 
positive diagnosis since a certain proportion of the normal population, especially 
in endemic areas, already exhibits levels which are within diagnostic range, i.e., 
neutralization of 100 or more minimal lethal intracerebral doses of virus (28). 
To circumvent this difficulty it is accepted practice to compare the antibody titer 
in serum taken (1) as soon as a diagnosis of encephalitis is entertained, and (2) 
in convalescence (three or more weeks after onset). Any significant increase in 
the amount of specific protective antibodies in the serum appearing during this 
interval is regarded as evidence of the disease. 

F. Therajiy, vaccination, and control: There is no specific therapy for this 
disease and all treatment is symptomatic. 

A vaccine has been developed (29) from infected mouse brain inactivated with 
formaldehyde. Such a vaccine is effective in producing neutralizing antibodies 
in man and resistance to peripheral infection in mice (29). Further tests of this 
vaccine are in progress. Large scale Vaccination of suceptibles in endemic areas 
of Siberia using a mouse brain vaccine has been advocated and practiced for the 
past five years (20, 30). Smorodintseff has reported two cases among 10,485 
vaccinated persons as compared with 59 cases in 8,030 non-vaccinated personnel. 

Vaccination procedures should be considered for persons residing in endemic 
areas or in the event of a generalized outbreak of Japanese B encephalitis. 

The accepted mosquito control measures should be practiced, i.e., the use of 
suitable repellants and nets, and the spraying of human and animal dwellings 
with the insecticidal aerosols. Since the species of mosquitoes involved in the 
transmission of this infection breed mainly in pools and small collections of stag- 
nant water, all buckets, cans, barrels, etc. should be drained. Larvicidal com- 
pounds should be used on larger bodies of water. 

III, RUSSIAN SPRING-SUMMER ENCEPHALITIS 

A. Epidemiology: Rapid clarification of the etiology of Russian spring-summer 
encephalitis has occurred since 1939. The infection in man has probably existed 
since the first colonization of the forested regions of northern Russia and Siberia. 
Cases of encephalitis occurring in such areas during April, May and June were 
usually described as encephalitis lethargica, polioencephalitis, or encephalitis o 
unknown origin. In 1935 the clinical similarity of such cases as they occurre m 
the collectives was recognized and the disease was established as an entity h 
It has also been called “tick-borne encephalitis”, “woodcutter’s encephalitis , 
and “forest-spring encephalitis.” _ 

The disease occurs in a more or less continuous band extending acro^ 
northern Siberian and Russian territories. It is present in the Khabarovs an 
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Maritime Imis, at Molotov in western Siberia, near Leningrad, and in the Kare- 
lian Isthmus, White Russia, and in the region of the lower Volga (the District of 
Kuibj-shev) (fig. 1). IMore recently eases have been reported in the Kazakh 
Republic of west central Siberia. An important characteristic of Russian spring- 
summer encephalitis is its confinement to an endemic area from which it seldom 
spreads. 

The victim of this disease almost invariably is one who has worked in the vir- 
gin forests. Lumbermen, linemen, road builders, hunters, surveyors, foresters, 
and sportsmen are usually encountered in the roster of patients. In those en- 
demic regions where the forestsare cleared Russian spring-summer encephalitisis 
rare because of the scarcity of infected ticks and rodents. It should be noted also 
that not all virgin forested areas are resenmirs of this disease. 

The overall morbidity and mortality rates for Russian spring-summer en- 
cephalitis are not accessible to the author. However, various reports are avail- 

TABLE 5 


The incidence of Russian spring-summer cnccpkalilis among non-vnccinatcd inhabitants of 

certain endemic districts 


YEAR 

DISTRICT 

1 

TOVXTLKTtOn 

CASES 

f 

REMARKS 

1932-1941 

5G-66th, C4, 70 B, 12 B 

? 

50-60 

Cases per year 

1939 

12 B 

623 

13 

Refers to one collective 

1940 

12 B 

51 

3 

Refers to one collective 

1939 

IQiabarovsk 

1,185 

26 


1939 

(Maritime 

4,900 ! 

33 


1940 

\Krai 

6,980 

38 



Compiled from Pavlovskii, E. N.; R61c of the Parasitologic Factor in the Epidemiology 
of Spring-Summer Encephalitis, Moscow, 1940. 
l^eifets, B. I.; Sovetskaia Med., 1943, 10: 11. 


able covering outbreaks in certain regions and collectives (30, 32, 33) and from 
these one may arrive at reasonably valid incidence figures for the endemic areas 
(see table 5). 

The mortality rate ranges from 25% to 30% (4), the lower rate prevailing in 
children (34). In adults over 50 years of age the rate is not elevated as is the 
case in Japanese B encephalitis. 

A striking feature of the disease is its well demarcated seasonal occurrence. 
Cases begin to appear in late April, reach the epidemic peak in late May or early 
June, and subside in late July Thus, while there is some overlappmg in the 
seasonal occurrence of Russian spring-summer and Japanese B encephalitis, they 
occupy different seasonal segments of the year. 

The preponderance of cases is among males because the occupations most liable 
to afford contact with the infected ticks are physically demanding and more 
suited to their sex. Contact and f amilial cases are rare. 

In summary, the available data on Russian spring-summer encephalitis show 
it to be a serious infection limited to certain small and well demarcated virgin 











428 


JOEL WARREN 


forested foci. It is intimately associated with those occupations in which there 
is exposure to infected, blood-sucldng, ixodid ticks. At present there is no evi- 
dence tliat the disease is being spread to new areas. 

B. Vectors: Russian spring-summer encephalitis is the only known viral dis- 
ease naturally occurring in man, in w'hich the bite of an infected tick is the main 
mode of transmission. As a result of a series of yearly expeditions sent into the 
forests and collectives of eastern Siberia to study the health and disease hazards 
of this area, the encephalitis of the forested regions w'as particularly investigated 
and the role of the tick vector thoroughly explored. 

The epidemiology of the disease, together with the rarity of contact and 
familial cases, led to the postulation of an arthropod vector (30). The pasture 
tick, Ixodes 'persulcatus, was known to occur regularly in the endemic foci and to' 
bite man with avidity. Laboratory studies showed that J. persulcaivs could be 
infected readilj’’ when allowed to feed on mice infected with the spring-summer- 
virus. In mice and in other rodent hosts inhabiting endemic areas, the vdrusis 
present in the circulation (35). By the sixth day after feeding, virus was found 
to be present in the salivary glands (35) and to persist there for long periods of 
time (36). A prolonged period of feeding, approximately 48 hours, is necessary 
before the infected tick can transmit the disease, "^^len infected ticks were al- 
lowed to feed for onl}*- two hours on healthy white mice, transmissioii of the dis- 
ease did not occur (36). It has been reported also that the infected female L 
persidcatuSi as well as the female Dermacenior silvamm and HacmaphysaUs con- 
cinna, lay infected ova which develop into adults harboring the virus (36). 

While it was being established that ixodid ticks could be infected ex- 
perimentall 3 '’, these potential vectors were being examined in areas where Russian 
spring-summer encephalitis was prevalent. These studies indicated that L 
persulcatus, H, concinna, D. silvarum and probably H. japonica were all naturally 
infected, and that I. pcrsidcatus was the major vector. 

The following figures give an approximation of the number of infected ticks 
occumng in endemic foci, ISTineteen hundred I. persulcatus were collected from 
April 22nd to May 27th. “From this lot spring-summer virus was isolated nine 
times” (37). In another experiment, out of 1917 ticks of the ixodid family inocu- 
lated into mice twenty-eight were found to be infected (36). The tick strains 
and human strains of vu'us are apparently identical. 

The principal hosts upon which these arthropods feed are the smaller forest 
rodents which in turn comprise the other half of the natmal transmission cycle. 
The presence of neutralizing antibodies to the spring-summer virus in both na- 
turally’" and experimentally infected rodents has been adequately demonstrate 
The principal animals found infected in regions where the disease is prevalent are 
the chipmunk, the squirrel, the field mouse, the coriak rat, the hare, the hams r, 
the porcupine and the mole (38). In these hosts the disease may be symptom 
less. • 

C. Clinical description: Extensive descriptions of the clinical aspects 
disease are recorded in Russian by Panov (32), Pavlovslrii, Krol and Smoro m 
seff (39), Altschuller (40), Glasxmov (41), Robinson and Sergeeva (42). 
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About 75% of all cases give a history of a tick bite eight to eighteen days prior 
to the onset of sjTnptoms (30). Following this incubation period, the onset of 
disease is abrupt. The patient has severe headache, as well as pain and tender- 
ness in the cervical region. The temperature is elevated to 102 to 104 degrees 
Fahrenheit. Nausea, vomiting and some degree of vertigo arc frequently 
present. It is claimed (32) that there is usually less delirium encountered in 
Russian spring-summer encephalitis than in Japanese B encephalitis. Coma is 
common, hleningcal inflammation and focal lesions in the central nervous sys- 
tem develop rapidly, resulting in paralj'sis of the muscles of the limbs, neck or 
back. Russian spring-summer encephalitis characteristically involves that por- 
tion of the central ncr\mus sj’stcm inneivating the cer\'ical and brachial muscula- 
ture and results in paralysis of the shoulder girdle. The duration of acute symp- 
toms is from two to ten da 3 \s with a five to sbe daj’’ average. Paralysis most 
commonl 3 ' occurs on the second or third day of the disease. Fatal cases result 
usualtyfrom involvement of therespirator 3 ’'centcrsof themedulla. Insuchbulbar 
types it is diflRcuIt to rule out poliom 3 'clitis, as disturbances of respiration, swal- 
lowing and phonation arc common to both. Fatal cases expire wdth great 
rapidit 3 ’', usuall 3 ’’ between the tliird and eighth day after the onset (32). The 
mortalit 3 ’' rate is about 30% in non-vaccinated individuals. 

Residuals in Russian spring-summer encephalitis occur in approximately 20% 
of the cases, the most common being para^'sis and atrophy of the muscles of the 
neck and shoulder girdle. In endemic areas man 3 ' of the local iniiabitants ex- 
hibit a shoulder drop or torticollis as a result of a previous encounter with this 
infection. However, Parkinsonian phenomena seldom follow an attack of this 
disease. 

D. Palhology: The following description is based on Smorodintseff’s report 
(30). 

The main feature of the patholog 3 '’ of Russian spring-summer encephalitis is 
severe inflammatory and degenerative changes in the brain, cord, S3Tnpathetic 
nervous S 3 ’^stem and peripheral nerves. Kestner (43) has described the process 
as an “acute, non-suppurative meningo-polioencephalomyelitis.” 

On gross examination the meninges have an appearance similar to that found 
in acute serous meningitis. The brain is congested with numerous petechial 
hemorrhages in the brain stem and medulla. The regions of greatest involve- 
ment are the gray matter of the base of the brain, medulla and cord. In the 
frontal and parietal cortex the changes are relativel 3 ’^ slight. 

Microscopically, there is an acute perivascular infiltration of the blood vessels 
of the entire brain with a diffuse or focal round cell accumulation in the gray 
matter. 

Of greatest importance are the degenerative changes undergone by the neu- 
rones of the medulla and the spinal cord. All stages of cellular degeneration are 
noted from early chxomatolysis and loss of Nissl substance to complete necrosis 
and neuronophagia. It should be observed that extensive neuronophagia is 
rarely described in the pathology of Japanese B encephalitis. 

Small focal hemorrhages in the gray matter are frequently observed and may 
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vary in number and size depending upon the case. The cellular infiltrates are 
composed mainly of lymphocytes and a small number of polymorphonuclear 
leukocytes and ghal cells. 

E. Laboratory diagnosis: There are no changes in the chemistry or leukocyte 
counts of blood or spinal fluid which are pathognomordc of Russian spring-suni' 
mer encephalitis. The spinal fluid cell count is usually betu’^een 25 and 100 cells. 
Lymphocytic cells predominate. 

The virus of Russian spring-summer encephalitis is present in the circulation of 
man during the acute phase of the disease and has also been isolated from the 
spinal fluid at this time. For this reason the inoculation of susceptible laborator}' 
animals, e.g., mice, hamsters or monkeys with w^hole blood taken as soon as pos- 
sible after the onset of symptoms offers a method of making a laboratory diagno- 
sis. It has been observed that whereas most of the encephalitic viruses are not 
highly infectious when administered intraperitoneally to adult white mice, the 
agent of Russian spring-summer encephalitis, once it has been established in 
mice, vill regularly kill such animals when injected intraperitoneally even when 
diluted to one part in ten million. This characteristic offers a rapid method for 
differentiating the Russian spring-summer \drus from that of Japanese B, both 
of which maj’- occur in the same region. 

The serological differentiation of this virus from those causing other acute viral 
encephalitides requires the employment of suitable techniques such as the com- 
plement fixation or neutralization test. According to Smorodintseff, neutralizing 
antibodies appear about one month after onset and persist for many years. 

F. Vaccination and serotherapy: As soon as the Russian investigators had 
established the etiolog}' of spring-summer encephalitis, a program was instituted, 
particularly at the Institute of Epidemiology and Microbiology in Moscow, for 
the development of a suitable vaccine. Such a vaccine "was prepared and de- 
scriptive reports of it have appeared by Smorodintseff, Levkovich, and Dankov- 
skii (44) , Kagan (45) , etc. 

The vaccine in use at present is prepared from infected mouse brain in which 
the vh'us has been inactivated with formaldehyde. To a 0.5 to 1 % emulsion of 
infected tissue, formalin is added to a final concentration of 1:500 to 1:750. 
After storage in the refrigerator for from ten to fifteen days to permit detoxifica- 
tion the vaccine is ready^ for use. Such a preparation is stated to retain its anti- 
genicity for sixty days or “longer” (30). V accine is administered subcutaneousi> 
in two doses, a fimt inoculation of 3 cubic centimeters is followed by a second dose 
of 5 cubic centimeters, six to ten days later. There is no mention of an unton a 
reaction in many thousands who have received this rather heroic prophj'laxis. 

The efficacy of the mouse brain vaccine is apparently well established. 
following table (table 6), the data for which was collected from various 
(30, 46), shows the morbidity and mortality among selected groups of vaccina 


and non-vaccinated humans residing in the same region. 

The employment of convalescent human serum inoculated intratliec.a y 
been advocated as a therapeutic measure. This is interesting in "iion o 
almost invariably' negative results following this type of therapy in t e o 


virus encephalitides. 
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IV. THE SEROLOGICAL RELATIONSHIPS BETWEEN THE AGENTS OF JAPANESE B, 
RUSSLVN SPRING-SUMAIER, AND OTHER KNOWN ITRUSES CAUSING 

ENCEPHALITIS 

Witliin the past tliree years workera in the field of the neurotropic viruses have 
been engaged in studies dealing with the serological relationships which exist 
between the above-mentioned strains and certain other viruses causing acute 
encephalitis. Foiemost among the latter arc the St. Louis encephalitis and the 
louping ill viruses. 

The St. Louis strain was isolated in 1933 from the epidemic of acute 
encephalitis which occurred in that city. Serologically, this agent has been 
shown to have slight but definite relationship with Japanese B (47). However, 
cross immunity between these tivo infections is probablj' non-existent in the light 
of animal experiments. It ivill suffice for the purposes of this review to state 

TABLE 6 


The cffcclivcncss of vaccination with the mouse brain vaccine for Russian spring -summer 

encephalitis 


rKZKnsssT 

HCUBER 



JJXCIOS’ AST) OCCTTPATIOSS INV'OLVfeD 

Non-vaccinated 

2,942 

44 

11 

None given 

Vaccinated 

1,527 

2 

0 


Non-vaccinated 

1,185 

26 

7 

Khabarovsk, 1939, lumbering 

Vaccinated 

985 

2 

0 ! 

collective 

Non-vaccinated 

51 

3 

2 

Khabarovsk, 1940, lumbering 

Vaccinated 

1,99G 

0 

0 

collective 

Non-vaccinated 

6,980 

38 

9 

Maritime Krai, 1940, lumberman 

Vaccinated 

4,900 

0 

0 


Non-vaccinated 

10 

7 

2 

Birobidjan, 1939, lumberman 

Vaccinated 

220 

0 

0 



that the virus of Japanese B encephalitis is related to, but readily distinguished 
from the St. Louis strain. There is no cross reaction whatsoever between Rus- 
sian spring-su m mer encephalitis and St. Louis encephalitis. 

In contrast, the virus of louping ill was shown in 1943 by Casals and Webster 
(48) to be closely related and perhaps identical Avith the virus of Russian spring- 
summer encephalitis. Louping ill is a disease of sheep which has been endemic 
in Scotland and northern England for over a century. The disease takes the 
form of an acute encephalomyelitis. The sheep tick, Ixodes ricinus, is the vector 
of this agent and although the disease has occurred in laboratory workers no 
records exist of naturally occurring louping ill in man. We thus have a disease 
restricted to Scotland and northern England, limited in nature to sheep and not 
man, and a disease apparently ocemring only in the U. S. S. R. frequently at- 
tacking man in which the causative agents are probably the same. 

Louping Ul and Russian spring-suiomer encephalitis are not related to St. 
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Louis encephalitis hut, as previously jnentioned, there exists some uncertainty 
as to whether a small degree of common antigenicity exists between the Russian 
spring-summer atid Japanese B viruses as some cross neutralization is claimed by 
certain Russian workers (30). 

The reasons for the uncertainty as to w’hethcr the same virus causes both 
Japanese B and Russian autumn encephalitis are worth mentioning. As has been 
pointed out. previously, both diseases have a similar epidemiology and clinical 
course. Furthermore, on the liasis of certain Russian protocols, convalescent 
sera from eases of a\itumn encephalitis cross-neutralize the Jap.ancsc B virus to a 
degree equal to that obtainable with Japanese B immune sera. In a similar 
fashion Japanese B immune sera j)rotcct against the autumn strains. Cross 
immunity between the two vii uses in mice is also said to be demonstrable. Fur- 
thermore, Levkovich (49) states th.at antisera against the Russian .spring-summer 
virus act upon both the autumn and the Japanese B strains, whereas sera against 
the latter two viruses do not neutralize the spiing-summer agent. 

In American studies (oO, 51) on the other hand, no such serological relation- 
ship between the Ru.ssian spring-summer and the J.apancse B vims (Nakayama 
strain) could be demonstrated. In addition, a strain of virus sent from Moscow 
to the United States and labelled “Fall, Japanese encephalitis, strain Zagan” 
proved to be identical with the spring-summer virus and was serologically un- 
related to Japanese B. Further oxj)crimcntation with other specimens of virus 
from cases of “autumn” encephalitis is necessary to clarify the situation. 

v. oTiiuu ui'inuMic i:xci:i'n.\MTinE.s or the fau east 

Encephalitis lethargica (Typo A encephalitis) has been reported throughout the 
Far East. The causati^'e agent and mode of traTismission are unknown although 
a number of agents have been suggc.stcd ])ut not jrroved. Epidemiological re- 
ports arc often un.satisfactory inasmuch as one cannot be sure that all descrip- 
tions of “lethargic encephalitis” in the Far East refer to the same entitja The 
disease occurs during the winter months and the presence of residua ospeciallj’’ of 
the Parkinsonian type arc frequent. Both of these phenomena are rare in 
Japanese B and Russian spring-summer encephalitis. 

Kancko and Aoki (1) in a review of the reported eases of encephalitis of all 
types in Japan up to 1928, listed 223 eases of encephalitis lethargica occurring 
mostly in the winter months and never in epidemic form as is the case with Japan- 
ese B encephalitis. The disease has not been reported from Formosa and is 
rarely encountered in the Philippines. Kuttnor and Tung (9) stated (1936) that 
encephalitis of any kind is rare in China. Watson (52) and Yew and Watson 
(53) noted that Yunnan Province has an incidence of only 15 to 20 cases of all 
types of encephalitis each year. There are no available figures to indicate the 
frequency of the lethargic type in Korea, Manchuria and eastern Siberia. 

In summary, it seems reasonable to believe that at present this disease does not 
constitute a grave problem in any of these areas, nor does it exhibit any gi'eater 
frequency in those regions in which either Japanese B encephalitis or Russian 
spring-summer encephalitis are endemic. 
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Equine encephalomyelitis has never been reported as epidemic in man in Asia. 

Table 7 summarizes some of the more pertinent epidemiological and immuno- 
logical data of the encephalitides of the Far East, 

VI. COJQIENT 

The reader of this review vdll perhaps appreciate the many problems still to 
be solved concerning the etiology and control of Japanese B and Russian spring- 
summer encephalitis. For instance, neutralizing antibodies to the Japanese B 
virus have been found in American students who had never lived in an area where 
the disease occurred (29), WTiat is the significance of these antibodies? 
To what extent are the Chinese, particularly in rural areas, afflicted with mos- 
quito-borne encephahtis? lAffiat constitutes the important reservoirs of Japanese 
B encephalitis? Can arthropods, other than the Ixodidae, be infected with and 
naturally transmit the virus of Russian spring-summer encephalitis? 

The problem of effective vaccines for the control of these diseases is being 
actively investigated here and abroad. It is hoped that by means of such vac- 
cines together vfith an effective insect control program utilizing the newer in- 
secticidal compounds and aerosols it will be possible to prevent these encephali- 
tides from reaching epidemic proportions, 

ADDENDUM 

Since the submission of this article sevei'al reports have appeared concerning 
these diseases. 

In the first week of July 1945 an outbreak of Japanese encephalitis occurred 
among the natives and some of the U. S. military personnel on the island of 
Okinawa (Hodes, H. L., Thomas, L., and Peck, J. L., Proc. Soc. Exp. Biol. & 
Med., 1945, 60, 220). Prompt diagnosis of the disease was accomplished by 
means of complement fixation tests vfith the sera from clinical cases and with 
antigen prepared from a virus isolated from the brain of a fatal case. The 
reports of the clinical, epidemiological and vaccination studies vdll undoubtedly 
appear shortly from a number of sources. 

A Japanese encephalitis vaccine prepared from infected chick embr}’’o tissue 
has been described (Warren, J. and Hough, R. G., Proc. Soc. Exp. Biol. & Med., 
1946, 61, 109). The preparation has immunogenic properties in mice and men 
comparable to mouse brain vaccines. 

The contradictory statement in the literature (see Levkovich, reference ^49, 
and Casals, reference 50 above) regarding the relationship between strains of 
Russian spring-summer encephalitis and Japanese encephalitis have apparently 
been resolved. Dr. A. A. Smorodintseff, Academy of hledical Sciences, U .S.S.R., 
in a communication to Lt. Colonel Joseph E. Smadel, MC, November 1945, 
makes the following statement ; 

“Conclusions made by Dr. Casals . . . concerning the antigenic structure of 
Russian encephalitis are completely confirmed in my laboratory during the past 
months. Our spring-summer encephalitis is not related to the .Japanese B nor 
Russian autiunn encephalitis. With the new strains of Japanese B vimses. 
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brought from U.S.A., we have been imable to establish any immunological 
relationship vnth our strains of spring-summer encephalitis. The work, re- 
ported by Levkovich, was made with a “Kalinin” strain, received in 1937 from 
Japan. This strain was probably contaminated by spring-summer virus or 
was not tjTiical for Japanese B group of viruses. Now this strain is lost. On 
the other hand it appears obvious that our autumn and Japanese B viruses are 
immunologically identical and showed . a close relationship by complement 
fixation, neutralization and cross immunity tests. Strain “Zagan” does not 
belong to the autumn encephalitis group and was sent to U. S. by mistake. ...” 
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EXPERIMENTS WITH VARIOUS COLOMBIAN MARSUPIALS 
AND PRIMATES IN LABORATORY CYCLES OF 
YELLOW FE\rER* 

MAESTON BATES and MANUEL ROCA-GARCiA 
Villavicencio Field Laboratory, Villavicencio, Colombia 

Most recent work on the susceptibilit 3 ’- of various mammals to the virus of 
yellow fever has been carried out bj’’ the method of inoculating the animals with 
calculated doses of virus and then bleeding them at regular intervals to test for 
virus circulation. Bj’- this method it is possible to test large numbers of indi- 
viduals and thus gain an idea of the relative susceptibility of different species and 
of different mammal groups, as was done for instance for marsupials by Bugher 
and his co-workers (1941 ). Most mammals that have been tested by this means, 
however, undergo inapparent infections with relativel}’^ small amounts of virus in 
circulation in the blood stream. The rather extensive field studies of sjdvatic 
yellow fever that have been carried out in Brazil and Colombia all indicate that 
the virus is maintained in nature bj'^ constant mammal-mosquito passage, and 
that in many areas at least the vector mosquito is Haemagogvs capricomii or 
closelj'' related species (Bugher et al., 1944) In the laboratory this mosquito 
requires rather special conditions for infection, and an important condition is the 
amount of ati-us in circulation in the host mammal (Bates and Roca, 1945a). 
It would thus seem to be necessarjq if laboratory results are to be interpreted in • 
epidemiological terms, to make susceptibility tests of a given mammal species 
using infected mosquitoes as the inoculating agent, and to attempt to infect new 
lots of mosquitoes with this mammal as host. 

It would also seem advisable to make such transmission experiments, as far as 
possible, with local materials. Haemagogus mosquitoes apparently differ from 
Aedes aegypii in infection behavior (Antunes and Whitman, 1937); and it seems 
quite possible that the various other vector mosquitoes may differ considerably 
among themselves in this regard, so that generalization from one species to an- 
other would be hazardous. The use of local virus strains seems also to be im- 
portant. Laemmert (1944), for instance, has shown how much virus strains 
may differ in their beha-vior in marmosets, and we have found that laboratory 
manipulation (especially mouse brain passage) maj’’ considerably modify the 
properties of a virus strain both in mammal and mosquito hosts. There is even a 
certain amount of e\’idence that there may be geographical variation in the 
susceptibility of a given mammal host species — the most clear-cut instance 

* The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the Institute for Special Studies “Carlos Finlay” main- 
tained by the Ministry of Labor, Hygiene, and Social Welfare of the Republic of Colombia 
and the International Health Division of The Rockefeller Foundation. 

1 This population is identified as a form of Haemayogus spegazzinii in a recent paper by 
Kumm, Osorno, and Boshell (1946). 
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perhaps being that of the Nigerian and Sudanese hedgehogs (Findlaj’- and 
Mahafify, 1936). In other words, the acid test of a possible transmission mech- 
anism is laboratory reproduction nnth local mammals, local mosquitoes, and local 
\drus. 

We at one time planned to make an extensive series of tests of this sort with 
mammals and mosquitoes found in the Villavicencio area, but a change in lab- 
oratory program has involved a suspension of yellow fever transmission studies. 
Experiments of this sort with saimiri and douroucouli monkeys have alrcadj" been 
described (Bates and Boca, 1945a and 1945b), and it may be worthwhile to pub- 
lish results that we have obtained with a few other mammal species, even though 
the experiments are not as complete as we would like to have them. They may 
serve to show the possibilities of the technique in working with mammals of 
questionable epidemiological importance. 

The methods and materials used in these studies have been fully described in a 
previous article (Bates and Boca, 1945a). We are greatly indebted to Dr. 
G.H.H. Tate of the American Museum of Natural History for the identification 
of our mammals and for his thoughtful comment on the relationships of various 
forms. 


MARSUPIALS 

The discovery by Bugher ei al. (1941) of the susceptibility of various species of 
marsupials to laboratory infection wdth yellow fever virus aroused considerable 
interest in the possible r61e of these animals in the maintenance of \drus in nature. 
The species sufficiently common to be of interest in this cormection belong to 
five genera, Didel'phis, Meiachirops, Melachirus, Caluromys, and Marmosa, all 
except the last with only one species each in eastern Colombia. Specimens of 
Didelphis and Meiachirops only rarely show circulating virus after subcutaneous 
inoculation, and wken virus can be demonstrated in the blood stream, the titer in 
circulation is very low (Bugher el al. , 1941). Marmosa is a protean genus with 
many species, difficult for the non-specialist to classify. The single specimen 
studied by Bugher el al. (species unidentified) proved to be susceptible; the few 
tests that we have made with other local specimens have given negati^’e results. 
From unpublished studies that we have seen, it seems likely that susceptibility 
to the virus varies greatly among species of the genus; a study of the possible 
relation of these animals to virus cycles wmuld thus have to be a special and some- 
what complicated study. Melachirus (thebrowm masked opossum) and Caluro- 
mys (the woolly* opossum) have both proved in the laboratorj' to be susceptible to 
infection with a wide variety of strains of yellow fever Aurus (Bates, 1944b and 
unpublished studies by C. B. Anderson and Boca), a majority of individuals 
showing peripheral circulation of ^'irus, sometimes in considerable amount. 
Melachirus shows the more regular infection behavior of the tw'o, and in conse- 
quence it was selected for study in connection with the transmission cycles. 
We felt that if Melachirus could not be interposed in the cycles, no other mar- 
supial could. Notes on the identification of M ctachirus and Caluromys have been 
given in a previous article (Bates, 1944b). 
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TABLE 1 


Histories of Metachirus bitten by infected Haemagogus 


KETAaiKUS KO. 

HISTORY or JlOSQXnTOES 

CIECULATINO VIRUS: DAY | 

MOSQUITO TEEDCJCS 
(lot NOS.) 

Lot No. 

No. 
biting 1 

Daj-s* 

infec- 

tion 

3 

B 

s 

6 

1 

7 

OA22S 

140 


17 

+ 

+ 

H 

— 



OA226 

142 


17 

— 

— 


— 

— 


OA229 

190 


20 

+ 

— 


— 


201 and 202 

OA230 

' 191 


19 

+ 

+ 

t 



200 

OA231 

190 


27 

+ 

+ 

+ 

— 

— 

206 

OA232 

191 

4 

26 

+ 

+ 

— 

— 

— 

207 and 205 

OA233 

195 

4 

13 

+ 

+ 

+ 

— 

— 


OA234 

206 

4 

25 

+ 

+ 

— 

— 

— 


OA237 

233 

2 

24 

— 


+ 

— 


242 

OA23S 

233 

2 

24 

+ 


— 

— 


241 and 243 

OA239 

233 

2 

32 

+ 


— 



248 

OA240 

233 

2 

32 

— 


t 




OA241 

240 

3 

22 

+ 

+ 

t 



251 


• All mosquitoes kept at a constant temperature of 30°C. 
I Death from extraneous cause- 


TABLE 2 

Attempts to infect haemagogus mosquitoes on Metachirus 


haema- 

METACHIRUS 

ADULT MOUSE 

1 MORTALITIES 

ATTEMPTS AT VIRUS RECOVERY 

Ouo US 
LOT NO. 


Daj- of 

serum 

1 control 




No. 

infec- 

tion 

dil. 

1:10 

Quitocs 

By mosquito bite 

By inoculation of mosquitoes 

200 

230 

* 3 

3/5 

3/10 

Neg. at 16 days to 
saimiri 

Saimiri infected by pool 
of 3 at 16 days 

201 

229 

3 

6/6 

3/10 

None 

None 

202 

229 

4 

0/6 

0/11 

None 

None 

205 

232 

3 

5/5 

1/16 

None 

1 at 26 days negative in 
mice 

206 

231 

4 

6/6 

15/16 

Transmitted at 14 and 17 
days to saimiris; at 25 
days to Metachirus 

None 

207 

232 

4 

i 

1 

6/6 

4/13 

Neg. at 22 days, saimiri 

4 at 22 days negative 
in mice 

241 

238 

3 

6/6 

3/10 

Neg. at 15, 20, 23 and 26 
days 

1 of 10 mosquitoes positive 
on mouse inoculated 

242 

237 

4 

0/6 

0/18 

None 

None 

243 

238 

4 

0/6 

0/17 

None 

None 

248 

239 

4 

0/4 

0/16 

None 

None 

251 

241 

3 

5/5 

2/18 

None 

2 at 25 days negative in 
mice 
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Metachirm nvdicaudaius 

The histories of 13 Melachirus that were bitten by infected haeraagogus are 
summarized in table 1. Eleven of the 13 showed circulating virus on one or more 
days. The 2 animals that failed to show virus wei-e involved in experiments in 
which we cannot be sure that the individual mosquitoes used for biting contained 
virus, though they formed part of lots that transmitted to other animals and that 
should have been infective. The percentage of Melachirus showing virus in 
these experiments (85 per cent) is higher than the average for animals infected by 
in vitro inoculation (72 per cent, Bates, 1944b). It is interesting that virus was 



Diagram I. Cyclic Passages with Brown Masked Opossum 

most often circulated on the 3rd day, w'hile after in vitro inoculation it was most 
often found on the 4th day; from this and from observation of monkey infections, 
we judge that the effective dosage inoculated by mosquitoes is high. Largely 
for tliis reason, we have generally allowed only a very few infected mosquitoes to 
bite a given animal. 

Eleven attempts to infect haemagogus on Melachirus are summarized in table 
2. In 4 cases it was found that the animal had no virus in circulation at the time 
of the attempted infection. In 6 cases there was a small amount of virus in circu- 
lation, but not enough to kill more than half of the mice inoculated with suspen- 
sions of control mosquitoes. In only 1 case (mosquito lot 206) was there a large 
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amount of \Trus in circulation at the time of feeding. Titrations were not made 
on the sera of these marsupials, since the uncertainty of the results seemed hardly 
to warrant the large expenditure of mice that would be involved. This particular 
Mdachirus (No. 231) on the 4th day must, however, have been circulating a 
high titer of \’irus, since 15 of 16 mice inoculated vdth control mosquito suspen- 
sions were killed; this is comparable wdth the control mortalities of successful 
haemagogus infections on saimiri and douroucouli monkeys. These mosquitoes 
transmitted \'irus to a Saimiri at 14 days (6 biting) and at 17 days (again 6 bit- 
ing), and to a Mctachirus at 25 da 3 ’s (4 biting). The sequence of these passages 
is shown in Diagram No. I. 

The infection of a saimiri monkey bj'- the inocualtion of a pool of 3 mosquitoes 
of lot 200, and the recoverj’ of \drus from 1 of 10 mosquitoes of lot 241 tested by 
intracerebral inoculation in mice, shows that it is occasionallj'^ possible to infect 
haemagogus on Mctachints circulating small or moderate amounts of virus. The 
transmissions by the mosquitoes of lot 206 show that Mctachirus can at times be 
interposed in laboratorj* cj’cles. The difficulties experienced with this species, 
however, contrast strongly with the ease with which mosquito infection cycles 
can be maintained with trul}’’ susceptible mammals such as the primates Saimiri, 
Aotus, and Oedipomidas. Among other things, it is difficult to induce haemagogus 
to feed on these marsupials. It takes as much time and effort to induce 20 mos- 
quitoes to feed on a Mctachirus as it would to get 100 to feed on a monkey. 

Caluromys lanigcr 

Four woolly opossums were fed on bj' mosquitoes in the series of cycles of 
Rodas virus, under circumstances that should surelj' have resulted in infection. 
Only 1 of these showed circulating \’irus (bitten bj' 4 mosquitoes of lot 195, 19 
daj’s after infection on Aotus 2). Virus was recovered from this animal on the 
3rd, 4th, 5th, 6th, and 7th daj's, and on the 4th daj”- the titer may have been high 
since all 6 mice inoculated mth the 1:10 serum dilution were killed. It would 
probably be possible to interpose an occasional animal of this species in the cycles, 
as was done with Mctachirus. 


PRIMATES 

Primates have been of special interest in relation to yellow fever since the dis- 
covery by Stokes, Bauer, and Hudson (1928) of the susceptibility of the rhesus 
monkey. Studies of the susceptibility of a wide range of South American pri- 
mates were carried out by N. C. Davis, and the results were published in a series 
of papers (Davis, 1930a, b, c; 1931; Davis and Shannon, 1929). These studies 
were carried out before the white mouse was available as a laboratory’’ tool for 
determining amounts of virus in circulation, and most of the tests were made vdth 
Alrican virus (Asibi strain) and ’with Aedes aegypti mosquitoes. It is conse- 
quently not always possible to determine the degree of susceptibility shoum by the 
various species. Davis’s work, however, demonstrated that South American mon- 
keys as a group were very generally somewhat susceptible to infection ■with the 
virus of yellow fever in that virus could be recovered in circulation, though 
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most species siiowed no clinical symptoms of infection. He found that the mar- 
mosets CaUilhriz and Leonlocchus and the cebid monlcey Saimiri were more 
susceptible than the others, infection frequently being fatal. None of the South 
American monkeys, however, showed the uniform infection beha\dor and clear 
diagnostic hepatic lesions of the Indian rhesus; they consequently seemed un- 
suitable as laboratory animals. Recently Laemmert (1944) re-examined the 
susceptibility of marmosets, and Bates (1944a) that of saimiri monkeys, and these 
animals are now used routinely in yellow fever studies in South American labora- 
tories. 

The study of South American monkeys is greatly handicapped by the confused 
state of primate nomenclature. This is partly due to the uncertain status of 
many old names, and partly to the difficulty in interpreting the extensive geo- 
graphical variation shoum by most of the groups. The result is that a non- 
specialist has no chance of being able to identify a given specimen, and little 
chance of being able to interpret the various identifications published in the litera- 
ture. Since the American primates are of great interest from many points of 
view, this nomenclatorial confusion seems pavticularlj*^ unfortunate. The spider 
monkeys (Aides) are the only group to be re\'iewed recently (Kellogg and Gold- 
man, 1944). The popular book by Hooton (1942) is an excellent introduction to 
the general literature on monlceys, and Ruch (1941) has published a detailed 
bibliography on the anatomy and ph 3 'siology of primates. The paper bj’^ Tate 
(1939) contains extended notes on the monkeys of northern South America. 

The South American monkeys as a gi’oup are distinct from all of the Old World 
primates. They are in turn generally divided into 2 families, the more primitive 
Callitrichidae or marmosets, and the Cebidae, including all of the other South 
American monlceys. The vernacular nomenclature of these animals is about as 
confused as the scientific nomenclature. Simpson (1941) has recently made a 
laudable attempt to introduce order into the vernacular names, but we do not 
agree with all of his proposals. He would limit the word “marmoset” to the 
genus Callithrix; but the word is very commonly and appropriately used for all 
of the members of the family. The various types of marmosets seem not to have 
acquired distinctive vernacular names. “Titi,” which Simpson would apply to 
Callicebus, is used in various countries for so many different monkej's that it 
seems better to avoid the word entirely. 

Oedipomidas oedipus 

This is the common marmoset of central Colombia (fig. 1). It apparently 
does not cross the eastern Andes, and to the best of our knowledge there are no 
marmosets at all in the region of Villavicencio. We became interested in the 
possible susceptibility of Oedipomidas to yellow fever because it seems, ecologi- 
cally, to replace Saimiri in central and western Colombia. Similarly, in Panama, 
Oedipomidas geoffroyi is common about the Canal Zone and in eastern Panama,^ 
being replaced by Saimiri orsledii in western Panama (Goldman, 1 920) . Saimm 
and Oedipomidas are both known in Panama and Colombia as “titis,” though 
they are completely unrelated and do not look alike. 
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We secured -j of tliese marmopets from a dealer, and interpopcd ihem in tran‘^- 
mission cycles, as shown in the diagram accompanying the section on ‘‘main- 
tenance of cycles” later in this article. Wrus was carried from Aotnsto Oalipomi- 
(las, Ocdipomulas to Oedipomidas, and Oedipomidas to -1 oh/s and Saimiri through 
the bite of haemagogus mosquitoes, Avithout. the slightest difliculty. It will be 
noted that the -1 Oedtpomidaf, were infected in series; the first 3 showed fata! 
infections, dying on the 7th, flth, and 0th days respectively, while the -Ith animal 
survived the infection. The animals all .showed virus in circulation from the 3rd 
through the 7th day (not tested earlier or later), with veiy high titers. did 
not reach the end point A\Tth either of the first 2 animals, though dilutions Avere 
carried to 1 : lO'*; .serum of the 3rd animal diluted 1:10“ killed adult mice on both 
the 4th and 5th days (giving respectively 2/0 and 1 /5 moitality ratios). Mure 



]''in. ]. ()i:iuroMii«\s OKnirr;. 


complete titrations were canied out on the -Jth animal (which .‘-howt-il a much 
milder, non-fatal, infection): the final dilutions killiiu: .adult mice wen- 3rd d.-iy. 
] : 10'; -Ith day, 1 : 10'’; 5th day. 1 :]()': (ith day. 1 : H)’; 7(h day. 1 : 10a '1‘he vim- 
titei's of the ru>l 3 animals seemed comparable to tin* verv hiuh liteis •-hov.i! Iw 
douroucoulis (Bate.sand Ibu’a. li)I5b). The.se marmosets, however.had nofi brili’ 
reaction, and the post-mortem liver pntholocA’ was not eharariuii-tio of .vel!<i.v 
fever, showiim only a diffii.-e necrosis. 

The reaction of these marrnoset.s toyellow fever infection -tian- tub- vi rv 
lar to that .shown by (he Hra;;ilian species of ('nUdirix -iud Ixti’ r* 

by Laemmert (101 1). and to that of ilie rebhl monkey Sasv'in'. eM-cp) .sv.,, 
nu'ri fairly often has a definit/’ fi‘b:i!e naietion iHut' -. P.»[ !:>. ■. It .’ir y !-<■ 
that ihe-e 3 paieni of matmiA'<'ts -('aUdh-ix. ht- . .aisi ■ 
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represent the three main morphological divisions of the family (Tate, 1939); 
one wonders whether tliis means that all of the marmosets are highly susceptible 
to infection with the virus of yellow fever. 

CalHccbus ornafus 

This is a common monkey in the ^Tllavicencio area and like Sawu'ri, it persists 
near cultivated areas quite close to the town (fig. 2). It is known locally as the 
“soca^^” In other places it is sometimes called the “viudita,” and the transla- 
tion “widow monkey,” winch is occasionally used, seems appropriate to its dole- 
ful aspect in captivity*. We have had a great deal of difficulty in maintaining 
these monke 3 ’’S in captmty, and we have consequentlj’- not been able to test many 
of them with virus. Davis (1931) inoculated 2 monkej’^s tentatively identified 



! 


I 

V 

t 


5 




Fig. 2. Cam-icebcs ornatus 



as Callicchits moloch, and in 1 case was able to transfer virus from CaJUcchus to 
rhesus monkeys both directly and through dcdes acgypii. This Calliccbns 
showed fever on the 4th and 5th days and died on the 7th day. 

In our experiments, 4 Calliccbns were bitten by infected mosquitoe.s. i he 
data on these are summarized in table 3. Only 2 of the 4 animals showed circu- 
lating virus. Of the 2 that failed to circulate vims, No. 7 suivived for a post- 
inoculation protection test, giving a clear positive in contrast to the prcinocula- 
tion negative. No. 11 died on the 5th day after being bitten; the routine autop.sy 
showed nothing of interest, and the report on the pathological examination of 
liver material was “focal necrosis.” Unfortunately neither of the animals that 
circulated vims was used for attempts at mosquito infection. Xo. 19, however, 
may have circulated an appreciable amount of vims, since the 1:10 dilution of 
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sonim gave 0/0 mouse mortalities on the -Itli and oth days; Xo. 21 circulated 
small amounts of virus on the .‘ird, -Ith and oth days, and died of an unknown 
cause on the K^th day. 

'I'wo Cnilir, litis were inoculated sulnnitaneously with about 20 mouse m.l.d. 
of IVivr. virus, (hie of these was hied daily for 10 days, and showed traces of 
vims on (he :lrd, Ith, and oth days. 'I'lie other showeil a traci* of virus on the 
•1th day. and a titer of over 1 : !(M1 on the oth «lay. ft died on the (ith day, and 
Dr. Augusto (>ast-(lalvis reportial (hat the liver tissiu* "shows a necrosis similar 
to (hat of yellow fever, although jliflusely ilistrihuteif; necrotized acidophilic 
cells an* present, in some cases similar to (’ouncilman bodies with fatty inclu- 
sions.” 

It is diflicult to interjiret the results with these O monkeys, esjiccially in view 
of the high mortality rale shown by normal animals in cajitivity. 'I’lie species 
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.should probably be classed as “moderately susceptible,” and it seems likely that 
the amount of virus circulated varies greatly among individuals. We have made 
intracerebral protection tests on the sera of 25 animals caught during 19-14 in the 
vicinity of Restrepo, Avhere virus was known to be lircscnt in both 1943 and 1944; 
2 of these sera were clearly positive for yellow fever antibodies, and 1 gave “in- 
conclusive” results. 4'he species is thus at times iirfectcd in nature, and it may 
play a part in the maintenance of the virus. It seems likely, however, that its 
role in natural cycles would be subordinate. 

Cebits fatucllus 

The monkeys of the genus Ccbiis (fig. 3) are generally known in English as 
“ca]nichins” because of the fancied resemblance of their hair to a Capuchin 
cowl. They are the brightest of the j\jnerican monkej's, and everyone is familiar 
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with their antics as assistants for organ grinders. The common name in the 
Villavicencio area is “maicero,” fi'om their liabit of raiding maize plantations. 
The genus Cch(s is protean, and the various local populations have been baptized 
with an incredible number of Latin names. The name fahicUiis was proposed by 
Linnaeus, with “America” as the locality of origin; it is now, however, generally 
restricted to the crested capuchin monkeys of the upper Magdalena Valley (Tate, 
1939), with which the Villavicencio population seems to be identical. 

Four cebus monkeys were bitten by infected mosquitoes, as shown in table 
3. ^hrus was recovered in circulation from only 2 of these: in one there were 
traces of vii'us on the 4th, 5th, and Oth days, and in the other a trace on the 5th 
day only. Four lots of haemagogus fed on these monke 3 'S, but in 3 cases no 
virus was recovered from the control mosquitoes, so the lots were discai'ded. 



Fig. 3. Cebus fateellvs 


One of 3 control mosquitoes of lot 204, which fed on Cebus 10 on the 5th day, 
showed a trace of ^drus. This lot was kept for 20 daj’^s at 30°, at which time 11 
surviving mosquitoes were ground together in 1.0 cc. of diluent, and the total 
suspension was inoculated subcutaneouslj’^ into a saimiri monkejL This monkej’' 
showed no reaction, did not circulate virus, and postinoculation serum remained 
negative, from which we conclude that no virus whatsoever persisted in the mos- 
quitoes. A fifth cebus monkejq Avhich was inoculated intraperitoneally with a 
small virus dose, showed traces of circulating virus on the 5th and 6th da 3 'S. In 
no case has a cebus monkey shown any febrile reaction to infection. 

Davis (1930a) was able to maintain virus b 3 ^ serial transfer of blood in cebus 
monkeys, and by transmission with Aedes aegijpti from Macacus rhesus to Cehris 
and back to M. rhesus. The identification of his Cebus is doubtful: in his article 
the species are called Cebus flavus and variegatus] in a correction note pasted in, 
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these names arc changed to Ccbits aJbifrons and frontalus. Most of liis specimens 
were of the varicrjahis-froiilalus type, which would be geographical representatives 
of our falucUus. More recently, Waddell and Taylor (1945) have maintained 
virus cycles in the laboratory using Cchits versuius and A (ides aegypti. Cebus 
vcrsiiliis is again probably a geographical representative of the falucllus group of 
capuchins (Tate, in correspondence). This raises the interesting question of 
whether susceptibility to the virus of yellow fever varies with the geographical 
populations of these monkeys, since our Villavicencio tufted capuchins would 
seem to be less sucejitible than the Brazilian capuchin populations — though it 
may be noted that the Brazilian animals do not circulate such high titers of virus 
as, for instance, Saitiu'ri, Aolus, or the marmosets. Waddell and Taylor found 
that virus strains showed considerable variation in virulence for cebus monkeys, 
and it may well be that the difTcrcnce between the Brazilian and Colombian re- 
sults with e.xperimcntal cebus infections is a property of the virus strains rather 
than of the monkey populations. 

Cebus monkeys caiitured in the Villavicencio area frequently show positive 
yellow fever protection tests: 3 of 14 animals tested in 1944 were positive, and 
Bugher ci al. (1944) report jiositive cebus .sera in connection with their field studies. 
It seems to us that these natural cebus infections in the Villavicencio area ma}’^ 
well re]n-c.sont a “dead-end” in natural virus cycles, since it seems hardly likely 
that’ haemagogus would regularly become infected on those monkeys. Ccbxis is 
commonly found in company with Samiri, and it would be equally exposed to 
infections; the question is how frequently it may serve as a source for new mos- 
quito infections. 

Savniri semreus caquclcnsis 

The behavior of this monkey (fig. 4) in laboratory infections of 3 'ellow fever 
has been desenbed in previous papers (Bates, 1944a, Bates and Roca, 1945a). 
We have continued to find it to be a satisfactoiy experimental animal for the 
maintenance of virus cycles and for other routine purposes. At one time we 
made 10 serial passages of Rodas -virus in these monkeys, starting with Saimiri 
241 infected by mosquitoes of the 6th laboratory cj'cle (see Diagram II), with the 
object of obtaining data on behaAior after in vitro inoculation with this strain. 
The animals were generally inoculated intramuscularlj’- with 0.06 of a 1:100 
dilution of the semm of the preceding animal taken on the 4th day. The ani- 
mals were bled daily from the 3rd through the 7th dajq and serial dilutions of 
serum were inoculated into adult white mice to test for Aurus circulation. Taa^o 
animals were used for the second and third passages, otherwise one for each pas- 
sage. The results of this passage experiment are summarized in table 4. Two of 
the 12 animals surviA'-ed the infection; all, AAnth one exception (No. 262), showed 
high titers of circulating A'irus AAdth the highest titer generally on the 4th da 3 ^ Of 
the 10 animals that died in the course of infection, 7 AA^ere found at autopsy to 
liaA^e signs of stomach haemorrhage ; Aidien present, this seems to be diagnostic of 
death from j^ellow fei'^er in these animals. Doctor Augusto Gast-Galvis kindly 
made pathological examinations of liA’^er tissue from all of the fatal cases ; in no 
instance were the lesions characteristic of yelloAv feA^er. 
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Aoius trivirgatiis 

The behavior of this species in transmission cycles was described in a previous 
article (Bates and Roca, 1945b). Eight more animals have been used in cycles 


I 



Fig. 4. Saimiri scivrecs caqvetexsis 


TABLE 4 


Histories of saimiris used in serial passage of Rodas virus 
{Dosages caleulaled in terms of mouse m.l.d.: titer of eirculating virus indicated by final 
dilution of serum causing deaths in 43-day-old rnice) 
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with Rodas virus; one of these (Aotus 5) survived infection; 6 of the other 7 died 
on the 5th, Gth, or 7th day after infection, and pathological examination of the 
liver showed lesions diagnostic of yellow fever similar to those found in man. 
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The remaining animal (Aotus 14) died on the 9th day and Dr. Gast found the 
liver to be “negative for yellow fev'er”; this animal had circulated virus from the 
3rd through the 7th day, and traces of changed blood were found in the stomach 
at autcpsj*. Of a total of 12 Aoliis used in these cycles, it thus seems that 10 cer- 
tainlj’’ died of yellow fever and one possibly from some extraneous cause, while 
one survived. 


DISCUSSION: MAINTENANCE OF CYCLES 

■\^irus of the “Rodas” strain was maintained in the Villavicencio laboratoiy 
by constant mammal-haemagogus passage from October 10, 1944 (the date of the 
infection of Saimiri 176) to October 1, 1945, when j’^ellow fever studies were 
stopped and all infected mosquitoes killed. During this period the “source” 
virus strain went through 14 complete mosquito-mammal cycles, as shovm in 
Diagram No. II. The mosquitoes used for maintenance passage were generally 
incubated at a constant temperature of 30°C., so that development of \drus in 
the mosquitoes was undoubtedly more rapid than it would have been in nature. 
However, no particular attempt was made to secure minimum cycles, and this 
laboratory’ experience can probably be used for drawing deductions concerning 
events in nature. Transmission in nature might be much slower than in the 
laboratory series, but it would certainly not be faster. One passage a month 
might well be the maximum natural rate. Tliis means that “explosive epi- 
demics,” such as are sometimes found in areas peripheral to the regions where 
sylvatic yellow fever is endemic might requh-e several months to build up to the 
point where they are discovered. 

The virus is in the monkey for 7 or 8 days at most, and in the mosquito for life, 
so that spread may well be more a function of the mosquito than of the mammal 
host. With an average of 30 days between passages, one would hardty expect 
the spread, in any event, to be fast. It has often been pointed out that human 
infections seem to be incidental — and accidental — ^in the course of sylvatic 
yeUow fever. The human infections sometimes show a pattern that seems to 
indicate rapid and extensive autus spread — but this may well be an artefact, 
since the human infections may lag months behind the actual epizootic spread 
of the ATTUS. 

Tlu-ee species of monkey were used in the maintenance cy'^cles, as is shovm in 
the diagram. We thought, at times, that our strain was losing virulence through 
continual passage through the same mammal, and this feeling — ^as well as the 
accident of what species might be most readily available — ^led us to shift from 
saimiri monkeys to douroucouli to marmoset. In actual fact, the virus seemed 
to be just as virulent for saimiris at the end of the series as at the beginning, and 
our impression of loss of virulence was probably false, based on the inevitable 
ups and downs of "sdrus concentration in such a series of passages. We varied 
the mammals, however, in part deliberately, as we felt that a variety of hosts 
would make for more “natural” conditions. We feel that it is significant that 
none of the mammals that we tried, ether than saimiri and douroucouli monkeys 
and the marmoset, showed sufficiently regular infection behavior to be interposed 
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in the m:unt<;nanc(* cycle*-. We had no difliculties whatsoever in maintaining 
vims with these three m.nmrnals, using hacmagogus mosquitoe.s; and tliey surely 
would be equally eflicient hosts in nature. 

Only four grcnips of mammals would seem to be abundant enough in the South 
.‘Vmerican fore.‘'ts to serve to maintain yellow fever virus: marsupials, rodents, 
bats, and primates. .-Vll e\q,'enmcntal work with bats has given completely 
ncpitivc result.^ (e.g., Kumm, 19,32, and various unpublished studies in Brazil 
and Colombia). Apparently rodents vary greatly in suscept ibility, and the group 
perhaps warrants further invo-Stigation. It has long been known that laboratory 
guinea pigs occasionally circulate vims (Sawj’cr and Frobisher, 1930), and in 
ViIl.a\’iccncio we have been able to passage vims serially by intraperitoneal 
inoculation of semm through uj) to 4 cane mts (the species discussed by Bates 
and Weir, 1944) before losing the nni.s, and circulating rdrus has occasionally 
been recovered from several other rodents. The habits of these rodents, how- 
ever, do not coincide with tho.^c of hacmagogus mosquitoes, and it seems very 
unlikely that any rodent, unlc.^^s possibly some of the arborc.al rats, would be as- 
sociated with hacmagogus infections. 

The marsupi.als are another matter. We feel that species such as Didclphis 
mars'jpiaUs and Mclachirops opossimt can be nilcd out, as far as hacmagogus 
cycles arc concerned, because they seem rarely if ever to circulate a sufficiently 
high titer of virus for hacmagogus infections. Mclachinis imUcaxidatus obviously 
can at times form part of such cycles, since the mcclianism has been reproduced 
in the labonitor>'. Recent field studies in areas of active yellow fever in Co- 
lombia, not yet published, show that individuals giving positive protection tests 
for yellow fever are rarely encountered among the more susceptible marsupials 
(M dachinis and Cahiromys). Positive protection tests are more commonly 
encountered with Diddphis and Mclacinrops (Bugher ct ah, 1941, 1944) but it is 
possible that these reactions arc in part, at Icjist, non-.specific (Bates, 1944b). 
Taking all of these factors into account, it seems to us rather unlikelj’ that mar- 
supials or rodents play any important part in the maintenance of natural mos- 
quito cycles of vims. If some other type of arthropod, such as mites or tides, 
were found to be capable of transmitting 3 -ellow fever vims, the whole problem of 
mammal hosts would of course have to be re-c.xamined. 

The American primates seem to be very generally susceptible in some degree 
to infection with the vims of 3 'cllow fever. The marmoset genera CalHlhrix, 
Lcontocelnts, and Oedipomidas and the Cebid genera Saimiri and Aolus all con- 
tain highly' susceptible specie.^, -vrithout any question capable of forming part of 
natural mosquito cycles. The recent recovery of vims from wild marmosets 
(Laemmert and Ferreira, 1945) is very significant in this regard. The howler 
monkeys {Aloxialla) .should probably be added to the list of highly' susceptible 
groups, since there are various accounts of dead howler monkey's being found in 
connection w-ith yellow fever epidemics. These monkeys, although often very 
common, are difficult to handle in the laboratory and almost nothing is 
known of their infection behavior; Davis (1931) tested one specimen, -which 
showed a febrile reaction and served to infect Aedes aegypii mosquitoes. Some 
of the other Cebid genera seem to be of more doubtful importance with relation 
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to yellow fever, and we have been particularly impressed with our failure to get 
regular infections mth the Villa%dcencio population of Cebus fatuellus. With the 
evidence at hand, it seems to us most likely that sylvatic yellow fever is main- 
tained by constant mosquito-monkey cycles in nature; but it is unlikely that all 
species of monkey are equally important, and an evaluation of the situation in 
any given area would probably require the laboratory testing of all of the com- 
mon local monkey populations. 


SUMMARY 

Attempts to interpose various marsupials and primates in laboratory cycles 
of yellow fever, using the mosquito Haemagogus capricornii as vector, are de- 
scribed. Of 11 attempts to infect haemagogus on the brown masked opossum 
{MefacMrus) onlj’^ one was successful, though 11 of 13 animals bitten by infected 
haemagogus showed circulating virus. One of 4 woolly opossums (Caluromys) 
showed circulating virus after being bitten bj’’ infected haemagogus. These two 
species are considered to be the most susceptible of Colombian marsupials, and it 
thus seems doubtful whether any of the local marsupials can play an important 
r61e in haemagogus cycles in nature. 

The maintenance of cycles "with haemagogus mosquitoes and various primates 
was relatively easy, and constant mosquito-mammal passages were maintained 
for a year (14 cycles) using saimiri and dourouco\ali monkeys and the marmoset 
Oedipomidas oedipus. Attempts to infect the widow monlcej’’ {Callicebus) 
gave irregular results, and the local capuchin (Cebus fatuellus) in 4 instances failed 
to circulate enough virus to infect haemagogus mosquitoes. It thus seems likely 
that all monkeys are not equally important in the maintenance of virus cycles 
in nature. 

Since the various species of mammals and mosquitoes and the various strains 
of virus show differences in behavior from place to place, it is considered impor- 
tant that transmission experiments be made with local materials in order to evalu- 
ate possible local transmissions mechanisms. 
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STUDIES ON CYCLIC PASSAGE OF YELLOW FEVER VIRUS IN SOUTH 
AMERICAN MAMMALS AND MOSQUITOES* ' 

II. Makmosets (Callithrdc penicillata and Leontocebes chrysomelas) 
IN Combination ivith Aedes aegypti 

MARY B. WADDELL, M.D., and R. M. TAYLOR, M.D. 

From the Laboratory of the Serviso de Estndos e Pesquisas sdbre a Febre Amarela, Rio 

de Janeiro, Brazil 

In the first paper of this series (1) the authors reviewed the literature on cyclic 
passage of yellow fever virus in neotropical mammals and arthropods, and re- 
ported the maintenance of a jungle strain of yellow fever virus by alternate pas- 
sage through mosquitoes {Aedes aegypti) and a species of marmoset {Callithrix 
aurita), as well as Cebus monkeys (Ccbus versuius). Subsequent to the submis- 
s’on of that paper for publication, Bates and Roca-Garcia (2, 3) showed that 
jungle yellow fever -varus of Colombian origin may be passed at -vviU through 
Saimiri sciureus caquetensis, a Colombian species of "squirrel monkey,” and Aolus 
irivirgalus, a night monkey, -vvdth Haemagogus capricomn'- interposed as vector. 

During a recent study on the epidemiology of endemic jungle yellow fever in 
Rraril, the -virus was isolated on four separate occasions from captured marmosets 
{Callithrix perncillata) (6), Though antigenetically analogous to other jungle 
strains in our possession, this strain differed in the folio-wing respects. 

It derived from an area where the disease is endemic; it was isolated from -wild, 
captured marmosets; and it had not undergone laboratory passage through any 
other species of animal. 

In attempting to assess the r61e in transmission of the -varus played by the two 
most common primates {C. penicillata and Leontocehus chrysomelas) found in the 
region where the -virus was isolated, it became of interest to know whether this 
-virus strain could be maintained by alternate serial passages through these ani- 
mals and a suitable insect vector. With this object in -view, the following ex- 
periments were carried out. 

MATERIALS AND METHODS 

Virus strain. — ^The -virus strain employed in these experiments was isolated 
from a sick marmoset trapped in August 1944 in a cacao grove near the edge of a 
small second-growth forest on the Fazenda AJmada situated some 25 kilometers 

* The work on which these observations are based was carried out under the auspices of 
the Servigo de Estudos e Pesquisas s6bre a Febre Amarela (Yellow Fever Research Service), 
which is maintained jointly by the Ministry of Education and Health of Brazil and the 
International Health Division of The Rockefeller Foundation. 

* In view of the more recent taxonomic description of Haemagogus capricnrnii by Cer- 
queira and Lane (4) and the studies on Colombian species of Haemagogus by Kumm, Osorno- 
Mesa, and Boshell-Manrique (5) it is probable that the species employed by Bates and 
Roca-Garcia was a variety, or subspecies, of spcgazzinii, which has been designated by 
Kumm et al as Haemagogus spegazzinii falco. 
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froDa the town of Ilheus in the southeastern section of the State of Bahia, Brazil 
(6). This virus (designated as the “Almada” strain) was serologically identified 
as yellow fever virus. The incidence of infections among the rural inhabitants 
over a series of years, indicates that jungle yellow fever is endemic in this region. 

The \drus is higlily infectious to mice when inoculated intracerebrally, but 
many of the infected mice sundve and are subsequently resistant to a challenge 
dose of French neurotropic ^drus. While survdval of infected mice has been ob- 
served with other jungle strains, it occurs somewhat more frequently with the 
Almada strain. 

The cyclic passages were initiated by infecting Aedes aegypii on a marmoset 
(C. axirita) wliich had been inoculated subcutaneously with a suspension of liver 
from the second passage C. ■penidllata. 

Vertebrate hosts .- — Two species of marmosets (Callithrix penidllata (E. Geof- 
frey) and Leontocehus chrysomclas (Kuhl)) were tested. The former, C. peni- 
dllata, is by far the most prevalent species of primates in the Bheus region. It 
is found not only in the old dense forests but also in shaded cacao plantations and 
interspersed second-gro^vth forests. The Leontocehus is found principally in the 
more extensive older types of forest and, while much less numerous than C. peni- 
dllata, was obser\'ed and captured more frequently than anj’^ of the remaining 
species of piimates. 

All of the animals utilized in the experiments were captured in the vicinity of 
Ilheus. Upon receipt at the field laboratory they were bled by heart puncture 
and the sera were examined for the presence of antibodies neutralizing yellow 
fever virus. Non-immune healthy animals were shipped by air-express to the 
central laboratory at Bio de Janeiro, where they were again bled and tested for 
i mmu nity. Thus, the animals were submitted to two preliminary immunity 
tests, the first at the time of capture, and the second thi-ee or more weeks later. 
Only those showm to be non-immune on both occasions were used in the experi- " 
ments. 

Insect vectors . — ^Laboratoiy reared Aedes aegypti (Liimaeus) mosquitoes were 
used as the intermediate insect vector. They derived from a colony established 
in 1942 from female mosquitoes captured in the State of Rio de Janeiro. 

Virus determination . — Quantitative determinations of circulating virus in the 
animals were made by titrating their blood sera in tenfold dilutions and inoculat- 
ing each serum dilution intracerebrally into a group of six white Swiss mice. 
The presence of the virus in mosquitoes Avas confirmed either b}’’ allowing the 
mosquitoes to feed on two-day-old mice, or by triturating five or more mosquitoes 
in proportion of one mosquito to 0.1 cc. of diluent and inoculating the emulsion 
intracerebrally into adult mice. All dilutions were made in 0.85 per cent saline 
solution containing 10 per cent normal human serum. 

Tests for immunity . — ^The intracerebral technique described by Theiler (7) was 
utilized. The mice used- in the titrations w-ere betAveen twenty-one and tAventy- 
eight days of age and the unit of virus (French neurotropic) approximated 100 
MLD. 
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TABLE 1 


Callithrbc pcnicillata-Aedes aegypti Cycle Almada Strain of Yellow Fever Virtis 
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TABLE 1 — Continued 


CYCLES 

CALLITHRIX PENiaLLATA 

AEDES AEGYPTI 

Manner of infection 

Circulating 

virus 

Neutralization test 

Day of death 
or survival 

Lot 

Test for virus 

Day 

Titer 

Pre 

Post 

5 

MS By bite of 24 A . 

2 

lO 

Nega- 


7 

a 

Positive by bite 


aegypti Lots a 

3 

■ 

tive 



b 

Positive by bite 


and h, 17 and 18 

4 

■ 




c 

Positive by bite 


days after feed- 

5 

■ 




d 

Positive by bite 


ing on M7 









Note: No infections occurred among the mice inoculated with the 10“‘ and 10“® dilu- 
tions. One mouse died in the group which received the 10“’ dilution. The same material 
titrated in two-day-old mice gave a titer of 10’-’. 


Technique employed in Iwst-veclor cycles. — The technique employed in carry- 
ing through the host-vector cycle has been described previously (1). The cycles 
were initiated by exposing the first animal of the series to the bite of infected 
mosquitoes. On successive days following the trial infection, usually ranging 
from the second to the seventh day, lots of normal mosquitoes were permitted 
to feed on the animal. At the same time blood was withdrawn from the animal, 
and the serum was titrated for virus content. After an incubation period of ap- 
proximately three weeks, mosquitoes which had fed during the period when the 
virus was circulating were allowed to bite the next normal animal in the series, 
and that animal was in turn exposed to batches of normal mosquitoes and tested 
for circulating viras. Between feedings the mosquitoes were kept at tempera- 
tures between 20-34°C, An average of about twenty mosquitoes were used for 
each transmission. The animals that survived infection were tested for circulat- 
ing antibodies three weeks after being exposed. Each lot of mosquitoes used for 
transmission was examined for virus as described above. The animals that died 
were autopsied, and their livers were examined for lesions characteristic of yellow 
fever virus infection. 

Thus, the maintenance of the %drus in the cyclic transmissions was determined 
by the presence of circulating virus in the animal host, bj’’ the presence of virus 
in the mosquitoes foUowng a period of incubation, by histopathological changes 
in the livers of the animals that succumbed, and by the development of immunity 
in the animals that survived. It may be added, however, that marmosets do not 
consistently develop liver lesions characteristic of yellow fever infection, so this 
method of identifying infection is not dependable. 

EXPERl^rBNTAL RESULTS 

Callithrix penicillata cycle. — ^No difficulty w^as encountered in the alternate 
passage of the virus through C. penicillata and Aedes acgypli. Indeed, it appears 
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to be easier to maintain the virus by alternate passage through mosquitoes^ and 
this marmoset than by direct sjoinge passage from marmoset to marmoset. The 
results of five cyclic passages are recorded in table 1 and fig. 1. 


4 A aegypli infecled 23 days previously 
on 3rd. passage "Almada" virus 
Marmosel ( C. aunla ) 


Nuinlxr of 
coniplclc cycles 


2 



3 



A. aegypb 
Virus + 



A. aegypli 
Virus + 



18 


1 17-18 


A. aegypli 
Virus + 


Number of 
A degypli feeding 


25 


19 


25 


21 


24 



Marmoset circulaled virus, survived. Immune 


Marmosel circulated virus , died. 


Fig. 1. Record of Ctclic Passages of Yellow Fever Virus (Almada strain) through 
Callithrix penicillata and Aedes aegypti 


All of the eight animals exposed to infected mosquitoes circulated virus, and 
six of the eight died. The two survivors developed immune antibodies. The 

* We are indebted to Dr. T. P. Hughes of this laboratory for information on direct pas- 
,6age of the virus in (7. penicillata. He encountered some difficulty in keeping the strain 
going by syringe passage in this animal. After several serial passages the virus appeared 
to become less virulent and was more difficult to transfer. 
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fact that only one of the six which died manifested characteristic liver lesions does 
not exclude virus infection as the cause of death. The time of death, in relation 
to exposure, the presence of the \-irus in the blood stream, and the failure of au- 
topsy to reveal any other cause of death strongly suggest that all of these ani- 
mals succumbed to infection nnth the virus. 


)7 A.aegypli infected 46 days previously 
on 3rcL passage "Almada" virus 
Marmoset (C aunla) 


Number of 
complete cycles 


1 

2 

3 

4 

5 


i 


a 


Days elapsing 
between feedmgs 


A. aegypti 
Virus 4 


A aegypti 
Virus 4 


A. aegypti 
Virus 4 


a 


A aegypti 
Virus 4 

^ I 


A aegypti 
Virus 4 

I 


22 


18 


•17-18 


20 


17-18 


A. aegypti 
Virus 4 


Number of 
A aegypti feeding 


19 


14 


29 


15 


21 



Marmoset circulated virus , survived. Immune. 


Fig. 2. Becobd of Cyclic Passages of Yellow Fever Virus (Almada strain) through 
Leontocebus chrysomelas and Aedes aegypti 


Virus was usually present in the blood stream on the second day following the 
feeding by infected mosquitoes and persisted through the fifth to the seventh day, 
or until death. The maximum concentration of circulating virus, as determined, 
by titration in mice, varied from lO^-^ to 10®. It should be noted, however, that, 
because of the variable lethality of this virus to mice, the quantitative estimates 
are relatively inexact and tend to fall below the actual virus content. 

Nineteen separate lots of mosquitoes that had fed on infected animals were 
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TABLE 2 


Leontocebus chrysomelas-Aedes aegypti Cycle Almada Strain of Yellow Fever Virus 
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tested for %’irus, and in all, save two, virus was demonstrated. These two lots 
of mosquitoes fed at a time when the titers of the circulating virus in the animals 
were low, 10--^ and 

Leontocebus chr 3 'somelas ajclc . — ^Five host-vector cj'cles were completed (table 
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2, fig. 2) using L. chrysomelas as the animal host. The cycles were initiated by 
permitting mosquitoes infected from a C. aurila of the third laboratory passage 
to feed upon the primary Leontocehns. As there was no apparent diminution in 
the circulating virus after the fifth passage and the mosquitoes continued to be 
infected, the cycles were voluntarily discontinued. 

The infection seems to run a milder course in this species of marmoset than in 
C. penicillata, since none of the six animals used in the experiment succumbed. 
However, all of the animals circulated virus following the infected mosquito feed- 
ing and all subsequently developed neutralizing antibodies against yellow fever. 
Circulating virus was present in all animals tested on the second day folloudng 
exposure and continued to circulate through the fifth to the eighth day; with the 
exception of one animal the titer reached or exceeded 10'^ at some time during the 
course of the infection. 

Mosquito lots fed during the early stages of the infection consistently contained 
virus. It is of interest to note that mosquitoes feeding on the seventh day, and 
in one instance on the fifth day, folloudng exposure of the animal failed to show 
virus after the period of incubation, although the virus was still circulating in 
diminished concentration at the time of feeding. 

DISCUSSION 

The epidemiological studies which stimulated these experiments indicated 
that C. peniciUata, and possibly other primates including L. chryso7nelas, were 
the principal if not the sole vertebrate hosts of the virus in the region where the 
studies were conducted (8). This deduction was based upon (a) the isolation of 
the virus on four separate occasions from captured C. penicillata, (b) the associa- 
tion of specific immunity to yellow fever in the human population vdth that in 
captured primates, and (c) the absence of any convincing evidence incriminating 
other orders of vertebrates. The demonsti’ation that the strain of jungle yellow 
fever which was isolated may be propagated at 'will by alternate passage through 
either C. penicillata or L. chyrsomelas and a suitable vector, lends further support 
to this view. 

The field studies, above referred to, incriminated Haemagogus spegazzinii as the 
probable vector. The vhus was isolated from captured specimens of tliis species 
during the period in which it was obtained from marmosets, and there was a defi- 
nite correlation between the prevalence of this mosquito and the incidence of im- 
munity to yellow fever among both humans and marmosets. It would have been 
more in keeping with what probably takes place in the forest to have used H. 
spegazzinii instead of A. aegypti in these transmission experiments. The latter 
were employed as a matter of convenience since it has not been possible to rear 
H. spegazzinii in the laboratory and thus be assured of an adequate and constant 
supply. H. spegazzinii, as well as other species of Haemagogus, have been 
shown to be effective vectors of the virus, and it may be presumed that H. 
spegazzinii would have served equally as well as A. aegypti. Moreover, the pur- 
pose of these experiments was to ascertain whether the two species of marmosets 
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ivere suitable vertebrate hosts for cyclic transmission of the virus, irrespective 
of the vector. 


SUMMARY 

A strain (Almada) of endemic jungle yellow fever virus was easily maintained 
in a continuous host-vector cycle by employing C. pcnicillata and L. chrysomelas 
as vertebrate hosts in combination with A. aegypli as insect vector. 
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• THE DISPERSAL OF AEDES ALBOPICTUS IN THE TERRITORY 

OF HAWAII 

DAVID D. BONNET^ and DOUGLAS J. WORCESTER= 

Since the discovery of the importance of mosquitoes as vectors of disease, 
numerous studies have been made on the distances the various species travel from 
a breeding source or natural resting place. This distance has been variously 
named, “flight” (Zetek, 1913; Shaimon and Da\'is, 1930), “distance of flight” 
(Le Prince and Griffitts, 1917), “flight range” (Russell and Santiago, 1934), 
“flying radius” (Avd Lallemant, Soerono and Soekaria, 1931) and “range of 
dispersion” (E3des and Bishop 1943). 

An excellent re\dew of the methods used in determining flight range and a 
discussion of factors influencing the distance is given by Russell and Santiago, 
1934. Most of the studies have been made on species of Anopheles mosquitoes, 
particiflarlj' the important vectors of malaria. (Cf. Zetek, 1913; Le Prince and 
GriflStts, 1917; Kumm, 1929; Avd Lallemant, Soerone and Soekaria, 1931; 
Wallace, 1939; Adams, 1940; E3des and Bishop, 1943.) Other species, particu- 
larty the pest forms, have also been studied. (MacCreary and Steams, 1937; 
Stage, GjuUin and Yates, 1937; Curr3’-, 1938; Clarke, 1937, 1943.) Aedes aegypti, 
one vector for 3'ellow fever and dengue fever, has been stated to travel onl3’^ the 
relatively short distance of 75. to 100 3’^ards. Ordinarily this appears to be true 
and this range is widely accepted by those dealing vith Aedes aegypti from epi- 
demiological and control aspects. Soper (1937) states that the presence of adults 
with a careful anatysis of the relative density of the two sexes, makes “it possible, 
in most cases, to localize liidden breeding vithin a radius of 25 or 30 3'^ards." 
However, Shaimon and Davis (1930) have shovm that Aedes aegypti is capable of 
a sustained flight of one kilometer (0.62 miles) over water. From a release on 
land of over 20,000 stained specimens, two were recovered at distances of 325 
meters (355 3’^ards) and 330 meters (361 yards) respective^. Ninet3"-five other 
stained specimens were captured at intermediate distances, the majorit3’- at dis- 
tances less than 120 meters (131 3'ards). 

Aedes pseudoscutellaris (Theobald) has been stated to have a limited flight 
range (Buxton and Hopkins, 1927). More recently during a stud3’- of the 
natural filarial infection rate in Samoa, B3ud et al., (1945) have shown that the 
incidence of infection in the mosquitoes in a ^'illage was as high as 45 per cent. 
This rate of infection decreased markedl3’’ at the peripher3’- of the \’illage. At 50 
3^ards from the edge of the callage the incidence was 4 to 5 per cent. At gi-eater 
distances infected mosquitoes are rareL’’ found. This has been cited as e^ddence 
of a flight range of 100 3’ards or less. 

Aedes albopictvs (Skuse) has been demonstrated to be a vector of dengue 
(Simmons, St. John and Re3molds, 1930; Snijders, Dinger and Schuffner, 1931). 
It has also been shown experimentall3'- to be a possible vector for 3*ellow fever. 
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(Dinger ct al, 1929; Snijders, 1931.) Although Craig and Faust, (1930) on the 
basis of experimental e\'idence of other workers, list Acdcs albopiclus as an “effi- 
cient transmitter” and a “good incubatdr” of yellow fever virus, a more recent 
listing by the same authoi-s (Craig and Faust, 1945), states that it is an “in- 
efficient transmitter.” The biologj’' of tliis species is reported to be very s imil ar 
to Acdcs acgypli, but relatively little studj-; has been made of its habits and life 
liistory. (Cf. Senior-TMiite, 1934; Sen, 1924, 1935; ToumanoiT, 1939.) Usinger 
(1944) has re^^ewed and compared the biologj' of Acdcs albopictits ■with Aedes 
aegypti. The flight range of Acdcs albopiclus is reported by Senior-'l^ffiite (1934) 
to be quite limited. In spite of the medical importance of this species, no ex- 
perimental evidence has been obtained to demonstrate the normal range of 
dispersal. 

The present paper is a report of twelve release-recapture experiments -with 
Acdcs albopictits in Oahu, Territory of Hawaii. 

aiETHODS 

The methods used in these experiments are those commonly used in similar 
experiments. Acdcs albopiclus larvae were obtained from eggs laid in jars in a 
breeding cage in the laboratory. The cage was stocked with large numbers of 
males and females, and the adults were fed on raisins and sugar water with a 
blood meal every other day. In the breeding cage which measured only 18" x 
18" X 20", copulation occurred readily and a steady suppb’’ of fertile eggs was 
available at all times. The eggs were removed when needed and lugh percent- 
ages were induced to hatch by the addition of a few grains of rice to the water. 
(Cf. Gjullin, Hegerty and Bollen, 1941.) The laiwae were raised in shallow pans 
to which fresh water was added periodically. The}’’ were fed on rice grains, dog 
biscuit, yeast, bread emmbs or hay infusions. Of these foods, rice grains with 
yeast produced the most robust specimens, but not infrequently a hea\y scum 
formed on the surface of the water, interfering "srith the growth of the larvae. 
Powdered stale bread crumbs, wliich also produced healthy, good-sized speci- 
mens, did not form this scum. Each da}"^ the pupae were removed from the pans, 
counted and placed in a cage wliich contained a grovang plant, raisins and sugar 
water as food for emerged adults. Wlien the number of mosquitoes that had 
emerged were sufficiently numerous, the cage was removed from the laboratory, 
the food taken out and the mosquitoes dusted with a mixture of flour and dye in 
order to mark the specimens. The dj’-es used Avere Auramine “0,” P 3 ’^razol 
Red, Gentian Violet, Malachite Green, Methyl Orange, Toluidine Blue, Pyrazol 
Violet and Cliloramine Red. Of this group, Cliloramine Red Avas the only dye 
which proved unsuccessful. The colors AA’ere mixed AAuth flour in the proportion 
of 1 to 50, and the dusting accomplished AAuth a hand duster (Root, Jr.). After 
dusting, the cage was transported to the experimental area and the mosquitoes 
released. Tests Avere made on the efficiency of tlus method of marking, and 
between 90 and 100 per cent of the mosquitoes in the cage demonstrated the 
stain when dipped into dye solvent.® 

«The dye solvent formula: 70% alcohol— 3 parts, glycerin— 1 part, chloroform— 1 part. 
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The release was usuallj’' made at the beginning of the week and collections 
were made during the remainder of the week. A different color was used on 
successive weeks in most instances, so that the date of release could be accurately 
determined. In cases where duplication of colors was necessarj^ the same point 
of release was used and the more recent date used in calculating time. Hand 
catching intli the aspirator designed by Dr. Robert Matheson of Cornell Uni- 
versitj^ was utilized, as various types of traps had been tried without success. 
The capturing was done by the authors, vdth occasional assistance of others. 

In the use of the aspirator, various techniques were tried, the most successful 
being the production of a slow steady suction. With this method it was found 
that many mosquitoes could be caught on the wing and it was not necessary to 
wait for these wary biters to settle on the exposed skin. The mosquitoes hovered 
in clusters, particularly around the legs, beneath the knees or at the side as one 
made the collections. The majorit}' of the individuals in these swarms were 
males and they rarely alighted. It was possible when suflBcient numbers were 
present to catch both male and female mosquitoes at the rate of 200 per hour per 
man. This method of catching accounts for the abnormal ratio of males to 
females. (Cf. table 3.) 

The stations were visited at least once a week and more often when possible. 
The captured specimens Avere killed with carbon tetrachloride vapor and placed 
in labeled test tubes. Later each specimen was individually checked as to species 
and sex and examined under a dissecting microscope as the}’’ were dipped into dye 
solvent. Marked specimens were immediately apparent due to the “explosion” 
of color as the small adhering dye particles dissolved in the solvent. In no case 
was there any doubt as to the color involved. The presence of particles of dif- 
ferent colors that did not show this “explosive reaction” were not considered, 
since poUen grains and other particles were frequently observ’ed. The dye par- 
ticles will stick on all parts of the body of the mosquito but are found more fre- 
quently on the head, antennae, cervical sclerites, coxae and near the pedicel of 
the vdngs. 


THE EXPERIMENTAL AREA 

This series of experiments was performed during the months of August, Sep- 
tember, October and November 1944 at the Territorial Board of Agiiculture and 
Forestry .Nursery in Makild Valley, Oahu, T. H. This small, narrow, y-shaped 
valley lies within three miles of the center of the city in the Koolau mountain 
range. The valley floor has an approximate elevation of 300 feet and is in a 
region of moderate rainfall. The average temperature and humidity for Honolulu 
during the months of the experiment ivere 77° F. and 65 per cent relatwe hu- 
midity. The prevailing direction of the wind is from the head of the valley in 
the mountains towards the loiver end of the valley. The stream within the 
valley (Maldki Stream) is formed by the confluence of tAVO smaller streams 
(Kaneaole and Maleka), the Maleka Stream being intermittent in character. 
The areas close to the streams are heavily A'egetated Avhile the remainder of the 
floor of the valley is semi-cultivated by the nursery and consists of open areas 
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wliere the principal vegetation is young seedlings. The moderately steep slopes 
and the lower end of the valley are covered with a thick stand of haole koa 
(Leiicacna glaiica). The head of the valley is forest resen’^e and consists of kukui 
(candle-nut) trees {Alcurilcs sp.), coconut palm trees (Cocus sp.), some banyans 
(Ficus sp.), kiawe (Prosopis sp.), Norfolk pine and other miscellaneous intro- 
duced trees. 

Also present are a few scattered patches of native cultivation with bananas, 
coffee, papaya, upland taro (Ape), ti (Cordyline Jerminalis), etc. The under- 
growth, where present, consists principally of palm grass (Selaria palmifolia). 
There are approximatelj’’ 10 Portuguese-Hawaiian families li\’ing in unscreened 
and open houses in this area. In addition to the human source of blood, there 
were chickens, pigs, dogs, cats, rats, mongooses and vild birds present in the 
vicinity. For general details of this area, consult the map presented in figure 1 



Fig. 1 


Four different points of release were used which are labeled Rl, R2, R3 and R4, 
respectively. Of these, only R4 gave unsatisfactorj’’ returns. Rl was located in 
the center of a rather wide open area mth only low vegetation. The nearest 
group of trees was at a distance of 30 yards. R2 was in the center of a thick, 
well-shaded vegetation area. The air at R2 was cooler and more moist than at 
Rl, and a large natural mosquito population was always present. R3 was 
located in the center of a large giwrth of ti plants near the mouth of the valley. 
There was a large natural mosquito population present but not in as great numbers 
as at R2. R4 was located near the road but was used onlj'- once as the location 
did not prove satisfactory. The capture stations were located wherever mos- 
quitoes were found in sufficient quantities to permit capture, and at varying 
distances from the point of release. The locations of these stations are mdicatea 

on the map in figure 1. 
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RESULTS AND DISCUSSION 

Presented in table 1 is a summary of the individual releases, giving the number 
of stained specimens released, the number of specimens retaken or recaptured and 
the minimum number of da 3 ’'s from time of release and the distance traveled for 
the recaptures. It will be noted that the numbers retaken for any release ranged 
between 0.09 per cent to 33.3 per cent. The percentage of all releases recaptured 
was 3.8 per cent. It is obvious that an explanation is required for the abnormally 
high return for the release of Toluidine Blue marked mosquitoes on September 11, 
1944. It vdll be noted that 53 out of the 100 recaptures were taken after two 
days at the point of release. This is not an unexpected result since the point of 
release was a situation where mosquitoes w'ere commonly present and where the 
ecological conditions appeared to be ideal for the mosquitoes. It is more diffi- 
cult to offer an explanation for the 18 and 19 marked specimens caught at dis- 
tances of 145 j’-ards and 108 yards from the point of release, respectively. Al- 
though one might suspect an error in technique, it is the considered opinion of 
the authors that tliis return is correct, and that it may be accounted for by a 
wholesale movement of a swarm from the point of release to the recapture sta- 
tions. At the time of recapture at these stations, there was a relatively small 
local unstained population; hence, the marked specimens became proportionately 
more available for capture without dilution. The low returns in the cases of the 
other releases may be due to collections being made at the recapture stations on 
the day or days that the swarm was not present, while the few marked captures 
represent stragglers from a swarm. This is further substantiated bj’’ the casual 
observation that there is considerable variation in the numbers of mosquitoes 
present at the collecting stations. Occasionally during the periods of collection, 
the collector was very actively capturing mosquitoes when suddenly no more 
mosquitoes were present. Later, another or the same group appeared and col- 
lecting was resumed. It was determined bj’’ experience that approximately 15 or 
20 minutes of collecting at an 3 ^ station was the practical limit and that there was 
little use in remaining after that period of time. However, this was not due to 
the capture of all the available mosquitoes. The capturing did not gradually 
diminish, but the mosquitoes suddenly and completely disappeared. A return 
to the station later, on the same day, would usually produce an additional return 
as large as the earlier capture. Gross (personal communication, 1945) states 
that Aedes aegypti have been obsei-ved in Key West, Florida, moving as a swarm 
from the front of a dwelling to the rear where a cistern was located. Further 
experiments are necessarj’- to substantiate the swarm movements in Aedes 
alhopictus. 

Wind, which is frequently incriminated as responsible for distribution, is of 
little account in the case of this species. Aedes alhopiclus flies close to the ground 
and -was never observed flying in a strong breeze. They were obsen^ed dropping 
in flight and clinging to grass or bush when moderate or hea^y gusts of wind were 
present. In general, the only effect of wind will be to orient the direction of 
flight, for this species was observed fljdng into the wind when the velocities were 
extremely low. 
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TABLE 1 


DATE RELEASED AKD COLOR 

KUMDER 

released 

% or 

RELEASED 

RETAKEN 

KUiniER 

RETAKEN 

uiNniim 
DAYS SINa 
RELEASE 

DISTA^XE 






yds. 

8-3-14 ' 






Pj'razol Rod 

350 

3.4 

6 

0 

30 

, 



4 

1 

62 




1 

4 

62 




1 

7 

62 

8-14-44 






Pyrazol Rod 

700 

2.3 

8 

1 

52 




1 

1 

177 




2 

2 

52 




3 

2 

177 




1 

4 ■ 

91 




1 

9 

177 

8-21-44 






Auramino “0” 

650 

2.0 

1 

0 

52 




1 

0 

177 




2 

1 

62 




5 

1 

30 




2 

7 

177 

8-30^4 






Auramino “0” 

500 

0,6 

1 

19 

219 




1 

20 

58 




1 

21 

232 

9^—44 






Pyrazol Brilliant Violet 

275 

3.3 

4 

9 

0 




1 

9 

49 




3 

14 

42 



- 

1 

14 

75 

9-11-44 






Toluidine Blue 

300 

33.3 

53 

2 

0 




3 

2 

49 




2 

7 

132 




3 

7 

75 




18 

8 

145 




19 

8 

1C8 




1 

9 

82 




1 

14 

145 

9-18-44 






Methyl Orange 

800 

0.5 

2 

3 

ISl 




1 

9 





1 

10 


9-25-44 






Chloramine Red 

1000 

No recoveries 


10-2-44 

Malachite Green 

475 

0.6 

1 

1 

112 




1 

3 

475 




1 

9 

35 

10^-44 





35 

Auramlne "O'- 

1100 

0.09 

1 

7 
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• TABLE 1 — Continued 



The relation between the number of days from the time of release and the date 
of capture to the distance traveled is given in table 2. The maximum elapsed 
time was 21 days involving a distance of 232 yards. The mean distance for each 
day was calculated by dividing the total distance that the mosquitoes captured 
that day had traveled, by the number of these mosquitoes. Similar calculations 
were made in determining the mean distance for five day groups. The mean day 
for each group was determined by multiplying the number of mosquitoes re- 
captured by the number of days since release and dividing the sum of the products 
by the total number of mosquitoes in the group. The mean day was then divided 
into the mean distance for each five day group in order to obtain the mean rate in 
yards per day per mosquito. The mean rate ranges from 7.0 yards per day to 
20.2 yards per day. Treating the entire series as a single group, similar calcula- 
tions have been made. Of the total of 183 mosquitoes recaptured on different 
days up to 21 days, the mean day was 4.5. The mean distance for all recaptures 
was 68.7 yards. The mean rate, determined by dividing the mean distance by 
the mean day, is 15.2 yards per day. It is tempting to draw far reaching con- 
clusions but they must be utihzed with extreme caution. The limitations are 
severe and the figures are meaningless unless a large number of returns can be 
accumulated, under conditions where extraneous influences such as vind, local 
preferences, breeding locations, meal locations, etc. vail not warp the dispersal 
picture. Furthermore, such extensive averaging of figures and weighing of 
results serves more often to obscure inequalities than explain them. An examina- 
tion of the mean distance for the five day groups gives a slight indication of the 
rapidity with which this dispersal is occurring. The mean distances traveled in 
5 da 3 's, 10 daj’-s and 15 days were: 36.3 yards, 113.8 yards and 103 3 "ards, respec- 
tively. The rate of dispersal is apparently decreasing during the same periods. 
Little weight should be given to the other groups, since the returns were too low 
to be of significance. It is necessary to remember that the points of recapture 
do not necessarily represent the flight of the mosquito. The mosquito will 
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rarely, if ever, fly in a “bee-line.” The distance and direction between the point 
of release and the point of capture represents the final components of distance and 
directions and does not take into account the side excursions, back-tracking or 
days when no fljdng occurred. 

Some authors have utilized the term “flight” to represent the distance traveled 
from the point of release to the point of recapture. The use of this term is only 
justified if the mosquito has traveled a long distance in a sustained flight or series 


TABLE 2 


DAYS AFTER 
RELEASES 

NUltBER 

RECAPTURED 

JklEAN DISTANCE 
PER DAY 

MEAN DAY PER 

S DAY CROUP 

MEAN DISTANCE 
PER MOSQUITO FOR 
5 DAY CROUPS 

MEAN RATE PER 
MOSQUITO PER D.Kt 
FOR 5 DAY GROUPS 



yards 


yards 

yards 

A 

8 

49.6 




1 

29 

53 




2 

61 

13.6 


36.3 

20.2 

3 

10 

105 




4 

8 

50 




5 

0 





6 

0 





7 ' 

11 

109 




s 

37 

120 


113.8 

14.4 

9 

9 

94 




10 

2 

188 


, 


11 

0 





12 

0 




1 

i 

13 

0 


12.9 

103.0 

8.0 

14 

5 

69 




15 

0 





16 

0 





17 

0 





18 

0 





19 

1 

218 

19.0 

218 

11.5 

20 

1 

57 




21 

1 

232 

20.5 

144.5 

7.0 

Entire 






Series 

183 

68.7 

4.5 


15.2 


of flights in a definite direction. The ordinarj’- wandering excursions and move- 
ments from feeding locations to breeding spots and natural resting places is more 
correctly termed dispersal, and it is ordinarilj’- tliis movement wliich is determined 
bj' recapture-release experiments. 

The total capture at the dilTerent distances from the points of release and the 
number of marked specimens recaptured at each distance is given in table 3. 
Since, on the basis of an estimated life span of one month, there is an expectation 
of catching marked mosquitoes up to 30 days after the release, the total captures 













TABLE 3 


DISTAKCX 

IN YARDS 

NO. CAPTURED 

TOTAL CAPT. 

1 

' NO. MARKED CAPTXmED 

' 

TOTAL CAPT. 

RATIO TOTAL 

capt./total 

MARKED 

Male 

Female 

Male 

Female 

0 

1,280 • 

454 

1,734 

45 

12 

57 

30 

30 

226 

166 

392 

7 

17 

24 

16 

35 

219 

99 

318 

3 

1 

4 

80 

42 

118 

66 

184 

3 


3 

61 

49 

599 

133 

732 

2 

2 

4 

183 

52 

957 

273 

1,230 

14 

4 

18 

68 

58 

191 

122 

313 

1 


1 

313 

62 

421 

217 

638 

2 

6 

8 

80 

75 

254 

157 

411 ' 

3 


3 

137 

82 

620 

209 

829 

1 


1 

829 

91 

690 

206 

896 


1 

1 

896 

108 

211 

137 

348 

16 

3 

19 

18 

112 

282 

156 

438 

1 


1 

438 

128 

110 

49 

159 





132 

1,110 

366 

1,476 

3 

1 

4 

369 

138 

36 

9 

45 





145 

500 

119 

619 

15 

4 

19 

33 

167 

14 

9 

23 





173 

34 

38 

72 


! 



177 

. 3,340 

1,152 

4,492 

6 

2 

8 

562 , 

181 

383 

159 

542 

2 


2 

271 

200 

371 

114 

485 





207 

294 

202 

496 





213 

39 

23 

62 


! 



219 

580 

272 

852 

1 


1 

852 

228 

36 

22 

58 





232 

114 

82 

196 


1 

1 

196 

250 

1,932 

732 

2,664 

1 


1 

2,664 

273 

326 

78 

•404 , 





283 

182- 

106 

288 

j 




292 

109 

23 

132 





305 

678 

363 

1,041 j 

' 




317 

118 

40 

158 1 





334 

512 

147 

659 





339 

274 

114 

388 





348 

829 

389 

1,218 

1 


1 

1,218 

380 

61 

34 

95 





402 

168 

57 

225 





421 

150 

82 

232 

i 




437 

90 

31 

121 





450 

417 

147 

564 


1 

1 

564 

458 

154 

49 

203 



1 

i 


469 

241 

139 

380 1 





475 

763 

435 

1,198 

1 


1 

1,198 

498 

116 

78 

194 





533 

201 

155 

356 





581 

384 

307 

691 





644 

118 

40 

158 





692 

- 118 

40 

158 


1 



Total 

20,970 

8,597 

29,567 

128 

55 

183 

162 


473 
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have been summed for 30 days after each release at each distance. Since re- 
leases were made approximately once a week, some catches refer to more than one 
release, and hence are duplicated in obtaining the totals. This gives an ab- 
normally large number when figured as a grand total but should not lessen the 
accuracy of the calculation. Since each release was marked vuth a different 
color, the stained recaptures are referred to only one release and there is no dupli- 
cation in the total of marked specimens. 

It will be noticed by casual examination of table 3 that the gi'eat majority of 
returns were at distances of less than 100 yards and that very few returns occurred 
at distances greater than 200 yards. The maximum distance recorded is a dis- 
tance of 475 yards. It is tempting to divide the total number captured by the 
number of stained mosquitoes in order to determine the number of mosquitoes 
it is necessary to catch before one can expect to capture a marked specimen. 
This has been done and the results are placed in the last column of table 3. In a 
general way it vdll be observed that the further the capturing station is from the 
point of release the greater will be the number of mosquitoes which must be cap- 
tured in order to get a marked one. This would be expected merely on the basis 
of dispersal in relation to distance. However, there are a number of factors 
which prevent one from considering these figures too seriously. The total num- 
ber of mosquitoes captured at each station will depend upon the total natural 
population at that station. If this natural population is high, the ratio of total 
captured mosquitoes to marked mosquitoes vdll also be liigh, irrespective of the 
distance from the release point. Similarly, an area free of mosquitoes may show 
an abnormally low rate if close enough to the point of release and if the captme is 
done during the period of initial dispersion after a release. In some instances it 
was observed that the mosquito population as measured by the number captured 
in 15 minutes by one man varied considerably from day to day. Tliis would 
mean that the day of capture and particularly the time of day would influence this 
ratio. Other factors which would influence the rate of dispersion would include 
the ecological nature of the release point, the distance to a blood meal, the dis- 
;tance. to a water source for egg deposition and the distance to a natural resting 
place. It is obvious that these mosquitoes can be forced to fly greater distances 
than they normally would if released at a point distant from any or all of these 
enumerated items. Such a condition would be found in the release from a vessel 
off-shore or a release in the center of an area unsuited for mosquitoes. Such ex- 
periments, although of value in determining a maximum distance, do not give 
any information on the ordinary rate of dispersion, which is the value desired for 
epidemiological and control purposes. Although no evidence is presented which 
shows that they would not go be 5 'ond the maximum distance here recorded, it 
would appear that only a few could travel greater distances unless transported 
artificially. It can be deduced from the figures presented here that the ordinary 
range of activity is 200 yards or less. 

CONCLUSION 

It is concluded on the basis of the above material that the distance which 
Acde.s alboniclus will normallv travel during its lifetime wall be 200 yards or loss. 
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This distance nill be determined by a large number of factors which make a sta- 
tistical analysis of the data of questionable value. Wind is probably of less 
importance in the case of Acdes albopiclus than is ordinarily believed. It is 
suggested that Acdes alhopiclus maj’ travel in swarms but further experiments 
are necessary to establish tliis suggestion as factual. The average rate of dis- 
persal has been determined at approximately 15 yards per day. This figure is an 
average of all components of distance and direction and is not a measure of 
. straight flight range. 

Release-recapture experiments should be considered as dispersal experiments 
unless the distance traveled is of sufficient magnitude to justify the use of the 
word flight. 
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STUDIES ON IMPORTED MALARIAS 


5. Transmission of Foreign Plasmodium vivax by Anopheles 

Quadruiaculatus^ 

MARTIN D. YOUNG,* JOHN M. ELLIS* and TRAWICK H. STUBBS* 

INTRODUCTION 

It has been previously shovn (Young, et al., 1946) that the mosquitoes of the 
southern United States were susceptible to foreign malarias relapsing in returned 
troops and that these malarias developed to the infective stage in the insects. A 
preliminary report (Young, et al., 1945) indicated that the infected mosquitoes 
could successfully transmit the foreign malarias. 

This report will present the detailed observations 'on the ability of Anopheles 
guadrimaculaius to transmit various foreign malarias to white and Negro pa- 
tients. The patients were neurosyphilitics, with the exception of 14 white men 
who were volunteers on a drug testing program. The infections in these mos- 
quitoes originated from the relapsing cases reported by Young, et al. (1946). 

METHODS 

Mosquitoes from a lot proven to have sporozoites in the salivary glands were 
applied to the patients selected. The mosquitoes were dissected after feeding 
and the number with sporozoites determined. 

Starting several days after the biting day, blood smears were made daily and 
examined for parasites. Temperature readings were made at regular intervals, 
usually everj' four hours during the afebrile state and hourly during fever periods. 

An effort was made to determine whether the patient had had malaria 
preidously, either natural or induced. 

OBSERVATIONS 

Total Transmission Attempts. Transmission was attempted on 186 patients 
as shown in table 1. 

* Contribution from the Imported Malaria Studies program of the Office of Malaria 
Investigations, National Institute of Health, and the Office of Malaria Control in War 
Areas. 

The following hospitals cooperated by making neurosyphilitic patients available : Har- 
mon General, Moore General, South Carolina State, Milledgeville (Ga.) State, North 
Carolina State at Morganton and Raleigh, and the Ujiiversity Hospital at Augusta, Ga. 
To these, and especially to Harmon General, Moore General, and the South Carolina State 
Hospitals, which also furrished laboratory quarters, we e.xpress appreciation. We are in- 
debted also to the Office of the Surgeon General, U. S. Army, whose active interest made the 
program possible. 

* Sanitarian (R) U. S. Public Health Service * 

* P. A. Sanitarian (R) U. S. Public Health Service 

* P. A. Surgeon, U. S. Public Health Service 

Read at the annual meeting of the American Society of Tropical hledicine, Cincinnati, 
Ohio, November 13, 1945. 
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TABLE 2 


Transmission of foreign vivax malarias by A. quadrimaculatus to white and negro patients. 
Arranged by origin of malaria. {First inoeulations only. No reinoeulations ineluded) 


OWGIJ? Of BTKAIN 

PATIENTS 

White 

Negro 

Tried 

Infected 

Per cent 
infected 

Tried 

Infected 

Per cent 
infected 

Guadalcanal 

37 

31 

83.8 

9 

3 

33.3 

New Guinea 

80 

76 

95.0 

9 

1 

11.1 

Total Pacific 

1 

117 

1 

107 

91.5 

18 

4 

22.2 

North Africa 

7 

6 

85.7 

4 

1 

25.0 

Sicily & Italy 

26 

25 

96.2 

13 

5 

38.5 

Total Mediterranean 

33 

31 

93.9 

17 

6 

35.3 

Burma 

1 

1 

100.0 

0 

0 

0.0 

Total 

151 

139 

92.1 

35 

10 

28.6 


TABLE 3 

Transmission of different strains of foreign P. vivax by A. quadrimaculatus 


UAIAWA STRAINS TRANSMUTED TO! 


OUCIN 07 STRAINS 

White Patients | 

Negro Patients 

Total Strains* 



Attempts 

Successes 



Guadalcanal 

15 

11 

6 

3 

IB 

11 

New Guinea 

11 

11 

6 

1 

H 

11 

Total Pacific 

26 

22 

11 

4 

28 

22 

North Africa 

6 

5 

2 

1 

8 

6 

Sicily & Italy 

5 

4 

3 

3 

6 

5 

Total Mediterranean 

11 

9 

5 

4 

14 

11 

Burma 

1 

1 

0 

0 

1 

1 

Total 

38 

32 ' 

16 

8 

43 

34 


* As some of the same strains were tried in both white and Negro patients, the totals 
are not necessarily the same as the addition of the numbers under these two categories. 

New Guinea strains produced infections as did the one Burma strain. Fewer of 
the various strains infected Negroes than was the case with the white paretics. 























































































480 


M. D. YOTJNG, J. M. ELLIS AND T. H. STUBBS 


This, together mth the total transmission rates shown in table 2, indicatesthat 
the Negro’s resistance to P. vivax is not limited to strains from a particular area 
but is a general resistance to the species as found in -widely separated regions. 

Comparison of the Transmission of Several Strains of Foreign P. vivax to Both 
White and Negro Neurosyphilitic Patients. To study further the transmission 

TABLE 4 


Comparison of Transmission of Several Strains of Foreign P. vivax to Both White and Negro 

Neurosyphilitic Patients 


STRAIN NimnER 

WHITE PATIENTS 

NEGRO PATIENTS 

Attempts 

Successes 

Attempts 

Successes 


6 

6 

1 

0 


1 

1 

1 

1 

1019G 

3 

2 

3 

1 

1023G 

1 

1 

1 

1 

1017NG 

1 

1 

1 1 

0 

1027NG 

52 

1 49 

1 4 

1 

1030NG 

4 

4 

1 2 

0 

1033NG 

3 

3 

1 

0 

1034NG 

2 

2 

1 

0 

lOSlSi 

21 

i 21 


2 

1037Si 

2 

2 

1 

1 

Total 

Per Cent 

96 

92 

95.8 

26 

7 

26.9 


* One lot fed on Negroes but not on whites. Three patients involved — all failures. 
G — Guadalcanal; NG — New Guinea; Si — ^Sicilj'-. 


TABLE 5 

The effect of a previous infection of P. vivax malaria {St. Elizabeth strain) upon subsequen 
inoculation with foreign strains. While patients 


PATIENTS 

P. VIVAX (ST, ELIZABETH STRAIN) 
KUUDER FAROXYSLIS 

rOREIGK P. VtVAX* 

NOUBER PAEOXYSUS 

J.M. D. 

2 

20t 


A. C. 

9t 

9 


L. G. 

13t 

lit 



* Three Pacific strains used — ^78, 90, and 94. 
t Terminated by drug. All others self-terminated, 
t Infection by blood inoculation. All others by mosquitoes. 


rates to white and Negro patients, comparative tests were made using the same 
strains. With one exception, the same lot of infected mosquitoes was applied 
to both white and Negro patients at the same time. The number of infected 
mosquitoes biting each type of patient was about the same. These data are 
sho-wn in table 4. 

These results show the difference in susceptibility between Negroes and whites 






















STUDIES OK IMPORTED AL^DARIAS 5 


481 


to foreign P. vivax even more strildngly. The ratio of successful transmissions 
in white patients as compared with Negroes was 3.6 to 1. 

Effects of Prcnoxis Infections Upon tlic Development of Foreign P. vivax. Three 
white neurosyphilitic patients who had just previous!}' experienced a primary 
symptomatic infection of the St. Elizabeth strain of P. vivax were reinoculated by 
mosquitoes infected vdth foreign P. vivax. These reinoculations were given be- 
tween 18 and 42 days after the last parox 5 ’sms with St. Elizabeth P. vivax. These 
data are presented in table 5. 

'Without treatment, the St. Elizabeth P. vivax infections had ceased to produce 
fevers and the parasite count had dropped to a low level indicating the produc- 
tion of an immunity against that strain. Such immunity did not prevent the 
foreign malarias from producing infections, which in 2 instances had to be 
terminated by drugs. 


DISCUSSION 

It appeals from the data presented that white neurosyphilitics in this country 
wiU readily develop infections of foreign P. vivax when bitten by infected mos- 
quitoes. The malarias originated from vddely separated areas of the world and 
all showed a high rate of infectmty. 

With Negro neurosyphilitic patients, the results were quite different. Of the 
total transnussion attempts vith all strains, the Negi’oes showed a much lower 
susceptibiUty. In a series in which the Negro and white patients were tested 
Tilth the same strains, the difference was even greater, the Negroes being infected 
in only 26.9 per cent of the cases as against 95.8 per cent for the white patients. 

It has been demonstrated repeatedly in tliis laboratory and by others (Boyd, 
M. F. and Stratman-Thomas, W. K., 1933) that P. vivax malaria usually cannot 
be induced in southern Negro neurosyphilitic patients, either bj' infected blood or 
mosquitoes. 

Residence in a malarious area has been thought by some to be related to the 
resistance of Negroes to vivax infections. Among the Negro patients reported 
here, 29 were questioned as to preTious residence. Five of 22 from the Southeast 
developed infections, including one vith a preTuous malaria history. Four of 
the 7 from outside this area became infected. Even if these inadequate data 
were representative, there would still be a large unexplained difference between 
the two races. 

Tlie possibility of the presence of neurosyphilis affecting the susceptibility of 
Negroes to P. vivax malaria and not affecting white patients does not seem likely. 
Neurosyphilis does not seem to exert such a differential effect against P. malariae 
or P. falciparum. 

Should the Negroes have a true racial immunity to foreign P. vivax , the possi- 
bility of the spread of these malarias in this country would be greatl}' lessened. 

No great difference was found by us in the transmissibihty of the P. wyoa; strain 
from widely separated areas, such as the South Pacific and Mediterranean. It 
appears that most of the imported foreign strains can be readiy transmitted by 
A. quadrimaculatus. 
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SUMMARY AND CONCLUSIONS 

1. One or more attempts were made to transmit foreign Plasmodium vivax hy 
Anopheles guadrimacidalus to each of 186 men. Of the 151 wliite patients, 94.7 
per cent ^Yere infected. Of the 35 Negro patients, 31.4 percent were infected. 
On the first attempt, 92,1 per cent of the wliitc patients and 28.6 per cent of the 
Negiucs became infected. 

2. "i^nien the same strains were tested against both, wliite patients were more 
readily infected than Negro patients in a ratio of 3.6 to 1. 

3. The malarias tried oiiginaled from widely separated areas of the world and 
all shmved a high rate of infectimty to wliite patients. The Negro seemed to 
have a general resistance to P. vivax from all areas rather than to strains from 
particular areas only. 

4. In 3 white cases, a recent infection with the St. Elizabeth strain of P. vivax 
did not prevent the development of foreign strains of P. vivax. This indicated 
that little or no immunity w'as gained from the former strain. Should this be 
true for all American strains, the white population of this country' could be con- 
sidered as non-immune to foreign P. vivax malarias. 
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PENICILLIN TI-DLRAPY IN RELAPSING FEVER 

Report of Case 
ISADORE FISCHER* 

From the ^[cdical Service, liegional Hospital, Camp Bowie, 7'cxas 

A white soldier, aged IS years, was admitted to the station hospital at Camp 
Bowie, Texas, August 16, 1914. He had been perfectly well until alDOut a week 
before, when he began to experience slight but constant pain in the neck, elbows 
and knee joints. The night before he was hospitalized he had a shaking chill, 
followed by fever and headache, both of which had persisted. All other sj^mp- 
toms were denied. 

Inquiry info his previous medical hi.story revealed nothing of significance. 
He had served in the Merchant IMarine, on runs to Glasgow, North Ireland and 
i\rurman.sk, from August, 1943, to April, 1944. He was inducted into the Armj'' 
in J>Iay, 1944, and ^^•hcn his illness began he had just returned from maneuvers, 
during rvliich his company bivouacked beside the Colorado River and he had 
slept on a mattress cover filled with Spanish moss. He had no recollection of 
any insect bite during this period. 

On admission to the hospital the patient was evidently acutelj' ill. The tem- 
perature was 103°F., the pulse rate 120, and the respiratoiy rate 20 per minute. 
Physical examination revealed no abnormality except injection and reddening of 
the pharynx and tonsils and a small follicular exudate over the left tonsil. Neu- 
rologic examination also revealed nothing abnormal. 

The hemoglobin level was 13 gm. per cent. The white blood cell count was 
12,800 per cubic millimeter. The differential count showed 91 per cent neutro- 
philes, S per cent lymphocytes, and 1 per cent monocytes. On several other 
examinations the white blood cells varied between the level of the original ex- 
amination and 8,300 per culDic millimeter. Urinalysis and the Kahn test were 
negative. 

Progress. Chemotherapy with sulfadiazine was begun immediatelj’’ on ad- 
mission but was discontinued after 8 gm. had been given, when the tentative 
diagnosis of meningococcemia was ruled out. 

On the second day of hospitalization the phaiynx appeared more congested 
than on the first examination. Tinj"^ patches of exudate were present oA^er the 
uvula and both tonsils. Several cervical nodes Avere palpable bilaterally. Nei- 
ther the liver nor the spleen could be felt. 

Except for brief morning remissions to 101°F. the temperature Avas almost 
constantly elevated to 104°F. (fig. 1). The patient Avas delirious and on one 
occasion Avas found out of bed “looking for a friend on the Avail.” At the end of 
48 hours the temperature fell to normal by crisis. Except for a feAv enlarged 
ceiwical and axillaiy Kmpli nodes physical examination at this time was es- 
sentially negative. The patient stated that he felt perfectly Avell except for mild 
muscular aches and Ioav back pain. 

*]Major, IMedical Corps, Army of the United States. 
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isadoim; risen i:u 


On tlu' fonrlli tiny of hospitalization a transioni jnuritic rash was aiiparont, 
over tlu' ontiro body ('Ncojit tlio face; it consisted of nnifonnly distriliutcd, pink- 
ish, macular lesions, about 1 can. in diameter, which cleared from the center. 

On the fifth day (Auf!;ust 20) the patient had a chill, his temperature rose 
abrviptly to 101°l'. and a sc'coud febrile episode, occurred similar in all respects 
to th(' first except that it la.'^ti'd only 12 hours and that the rash was most marked 
on the chest, back, abdomen, and upiier extremities. Similar ejii.^odes occurred 
.■\ujiust 2") and 20 and September 3. I'hy.^ical examination, excejit for the tran- 
sient rash followiii}!: each episode, continued es.<entially ne^iative. 




Fig. 1. Ciiaut i-ou I^’ihst 10 .\ni) L.\st 10 D,\ys ok IIosi>it.\ijz.\tion’ ix 

Cask ok Hia.Ai'siNG Fkvku Tukatkd iiy 1’k.nicii,i.in 


Diagnostic considerations. Treatment, had been chiefly .symptomatic because 
no diagnosis had been made, although a number had been considered, including; 

Malaria, which was ruled out by failure to find plasmodia on repeated search 
with both thin and thick blood films. 

Typhus fever, which was ruled outby the absence of characteristic mental symp- 
toms and the lack of resemljlance of the rash which occurred after each episode 
to the rash seen m typhus. In addition, the temperature elevation was not sus- 
tained and the Weil-Felix agglutination test was negative. 

Infectious mononucleosis, which was ruled out by absence of atypical lympho- 
cytes and by the negative heterophile antibody agglutination. 
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Meningococcemia, which was ruled out hy negative blood cultures (under re- 
duced oxygen tension as well as under aerobic conditions), the negative throat 
culture for Neisseria intracellularis (N. meningitidis) and the lack of response to 
chemotherapy. 

Brucellosis, which was ruled out by the type of temperature curv’^e and by nega- 
tive agglutination titers. 

Dengue fever, which was ruled out by the absence of splenic tenderness, of 
.leukopenia, and of the characteiistic “saddle back” temperature curve. 

At a staff conference on the twenty-second day of hospitalization, the possi- 
bility of relapsing fever was first introduced, and in the next febrile phase, which 
occurred September 9, Borrelia novjd was demonstrated in blood films stained 
b}’- Wright and Giemsa stains. A mouse was inoculated with the patient’s 
blood, and witliin 60 hours spirochetes were demonstrated in its blood. B. novyi 
was also seen in fresh preparations examined by dark field illumination during 
the next febrile episode, which began September 11. During this episode 
moderate splenomegaly was observed for the first time. 

Further Progress. Penicillin therapy was instituted coincident with the tem- 
perature elevation which began September 1 1 . An initial d ose of 60,000 units was 
given by continuous intravenous drip in 1,000 cc. of physiologic salt solution over 
a 6 hour period and was followed by the intramuscular injection of 20,000 unit 
doses at 3 hour inter\’'als for the next 4 days. When treatment was discontinued 
a total of 650,000 units had been given. 

The temperature returned to normal 12 hours after penicillin therapy was 
begun (fig. 1) and did not again rise. There was no recurrence of chills, muscular 
pains, rash, headache, or any other sjTnptoms. When the patient was discharged 
September 24, 1944, 39 days after admission and 14 days after penicillin therapy 
was begun, he was apparently perfectly well. 

He was observed at weekly inteivals until November 21, 1944. Up to this time 
there had been no recm-rence of symptoms or of temperature elevations, and he 
was returned to full militarj’^ duty, on the presumption of cure. 

coamENT 

Tick-borne relapsing fever appears as an endemic disease in the United States. 
It is confined entuely to the western and south-western states, and the majority 
of cases have occurred in Texas, where the first 3 cases were reported by Weller 
and Graham (1) in 1930. Like the case reported in this communication, they 
were contracted along the Colorado Eiver, and it is of interest that Graham, while 
exploring the cave in which the tick bites occm-red, himself contracted the disease. 
The tick vector, Ornithodorus turicata, is usually found in caves and overhanging 
ledges produced by erosion of the river banks. Most cases, as the one reported 
herewith, occur late in summer. 

The American form of relapsing fever is ordinarily mild. It seems to be caused 
either by Borrelia novyi, as in this case, or by Borrelia turicata. Heilman and 
Herrell (2) have suggested that the many strains of the organism recovered in 
various parts of the world are all varieties of Spirochaete obermeieri. 
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The clinical picture and the clinical course in the case reported herewith fol- 
lowed the typical form of a sudden onset with chill, high fever, severe headache, 
muscular paiu and abrupt crisis, followed hy a quiescent inteival terminated by 
repetition of the febrile episode. The rash was also tj'^pical. The pulse, however, 
was unusuall3’' slow. It reached 120 per minute only once, and even when the 
temperature was 104°F. it was often between 80 and 90. There was no evidence 
on the patient’s body of anj’' insect bite, and he specificalty denied being bitten 
when he was questioned concerning the possibility. This is not unusual, the . 
lesions often being so small and painless as to be undetected bj’- the host when 
the bite occm-s. 

■'ATien the diagnosis of relapsing fever was finallj’’ introduced, it was confiimed 
without difficulty by staining methods, animal inoculation, and dark field illumi- 
nation. The general opinion is that the Giemsa stain is several times more effi- 
cient in identifying the causative spii-ochete than any other diagnostic method, 
but in this case aU the methods emploj’-ed were successful. 

Although arsenical therapy is usually stated to be specific in the treatment of 
relapsing fever, a review of the literatm-e suggests that it is not enthely satis- 
factory. In some instances, usually of tick-borne disease, the infection has 
proved refractorjq and relapsing fever, apparently louse-borne, has actually 
developed in the com-se of antisyphilitic therapy’" by an arsenical compound (3). 
Relapses and complications are not infrequent after arsenical therapy, particu- 
larfy if it is begun at any time except at the onset of a febrile episode, although in 
Gillespie's (4) opioion there is a close correlation between relapse and inadequate 
dosage. Finally, arsenical-resistant strains of organisms may develop following 
arsenical therapy, and relapsiug fever apparently makes the patient more suscep- 
tible to the ordinary hazards of arsenical compounds. 

For these various reasons it is obvious that another form of therapj^ would be 
desirable in relapsing fever, and it was logical that penicillin should be tested for 
this purpose. Its effectiveness against the spirochetes of sj’philis suggested that 
it might also be effective against the sphochetes of relapsing fever, in spite of 
fundamental differences in the metabolism of the two organisms. 

A complete review of the literature is rather difficult at the present time because 
indices and journals arrive late, but as comprehensive a search as could be made 
to the date of writing (March, 1945) has revealed no previous clinical use of 
penicillin m relapsing fever. Several experimental investigations, however, have 
been conducted. 

Heilman and Herrell (2) at the Majm Clinic infected 54 mice with Borrelia 
novjd. Twenty-six animals were treated with a total of 4,000 Oxford units of 
sodium penicillin administered subcutaneously in 5 daily injections (1 of which, 
intended to last through the night, was in the amount of 500 units), over a 4 day 
period ; the remaining 2S mice were used as controls. At the end of 24 hours the 
blood of the untreated mice showed severe infections while the blood of the 
treated mice showed a marked reduction in the number, and sometimes a total 
absence, of spirochetes. ISventy-one of the 28 control animals died, against only 
1 of the treated mice. This particular animal had had no spirochetes in the blood 
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for several days, the spleen was not enlarged, and death did not occur until the 
eighth dajf after inoculation, though most of the untreated control mice were 
dead by the fourth daj". All of tlie 7 sunuving control mice suffered relapses 
but relapses occurred in only 4 of the treated mice. The dosage of penicillin 
used in this investigation was large, and no attempt was made to determine the 
minimum curative dose. The authors’ conclusion was that penicillin therapy 
should eventually be possible in relapsing fever. 

Lourie and Collier (5) , using mice infected with S. recurrentis, found that the 
blood was usuall}’' cleared of the organism within 24 hours by the subcutaneous 
injection of 250 units of penicillin. The results were the same whether the drug 
was administered in a single injection or in 5 fractional doses of 50 units each at 
hourly intervals. Equalh’’ good results were achieved in control mice treated 
by the subcutaneous injection of 1 mg. of neoarsphenamine. The authors’ con- 
clusion was that penicillin is at least not inferior to arsenical therapj' in relapsing 
fever and may prove to be even more effective, since the experimental dosage of 
penicillin used in the investigation was 26 times below the highest dose which 
mice could support without reaction, whereas the dosage of neoarsphenamine 
was only 4 times below the toxic level. 

.Augustine and his associates (6) treated 6 of 11 mice infected with S. novyi 
with 9,000 units each of penicillin given intraperitoneally over a 48 hour period; 
the other 5 mice were used as controls. Within 6 hours after treatment was 
begun the infections in the treated mice had decreased in intensity to about ■jV 
but had increased about 50 per cent in the untreated animals. At the end of 26 
houi-s no spirochetes could be demonstrated in the treated mice but organisms 
averaged 140 in single oil immersion fields in the untreated mice. Sixty hours 
after treatment was begun 2 of the apparently cured mice were sacrificed and 
citrated blood from the hearts was inoculated intraperitoneally into 2 fresh mice. 
No infections resulted. These authors concluded that on the basis of their pre- 
liminary axperiments penicillin therapj' is “spectacularly successful” in relapsing 
fever. 

Eagle and his associates (7), who also experimentally' infected white rats and 
mice with Borrelia novyi, found that approximately 400,000 units per kilogram 
of body' weight was necessary to cure more than 95 per cent of the animals, this 
being about half the dose which killed a significant proportion. Their conclusion 
was that if these results can be translated to man, they Avould imply that the 
curative dose in human relapsing fever would be on the order of 25,000,000 units 
and that the therapeutic use of penicillin is therefore not warranted, except in 
arsenic-resistant cases, at least until the drug is available in larger quantities or 
unless relapsing fever is more amenable to treatment in man than it is in experi- 
mental animals. 

"'i^Tiile conclusions cannot be drawn from a single case, the immediate response 
to penicillin therapy in the reported case, and the apparent cure achieved by 
650,000 units of the drug, suggest that the disease is more amenable in man than 
in animals. As Heilman and Herrell (2) pointed out, their own experimental 
results in mice infected with Borrelia novyi suggest that this strain is evidently 
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sensitive to the action of penicillin. Their further conclusion vas that because 
of the close biologic similarity of other strains responsible for relapsing fever in 
other parts of the world, it seems probable that penicillin will also affect other 
strains of the organism. If this is true, and if the louse-borne disease becomes 
epidemic after this war, as it did after the last war, the apparent efficacy of peni- 
cillin therapy becomes extremely significant, for the death rate in several of the 
epidemics after the last war was very high. 

SUMMARY 

A case of tick-borne relapsing fever successfully treated by penicillin is reported. 
The experimental data concerning penicillin therapy in this disease are briefly 
reviewed and the possible clinical usefulness of this form of chemotherapy is 
pointed out. 
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A MILD EXANTHEMATOUS DISEASE SEEN IN THE 
• SCHOUTEN ISLANDS 

FREDERICK C. WEBER, ^ THEODORE W. OPPEL^ and ROBERT W. RAYMOND’ 

During 1944 and 1945 a group of cases characterized by mild fever and consti- 
tutional symptoms, an exanthema of 7-10 days duration, joint pains and swellings 
enlarged lymph nodes and leucopenia was seen at the Schouten Islands in Geel- 
vink Bay on the northern coast of Dutch New Guinea. Doctors at 3 hospitals 
independently recognized the condition as distinct and unusual and gave it 
various names. This report is based on 48 cases seen at two hospitals. At one 
hospital on Biak Island 31 cases from several different organizations were seen. 
From 2 to 9 patients per month were admitted during December 1944, April, 
May, June and July 1945. At another hospital on Owi Island, 17 cases were 
seen during March and April 1945. The first was a patient who had been trans- 
ferred 2 weeks before he became ill from a hospital on Biak Island where he had 
had infectious hepatitis. His first sjunptoms began on March 18. Between 
March 20 and April 1, 8 members of the hospital staff were admitted with the 
disease. Simultaneously, 4 members of a small signal organization adjacent to 
the hospital developed the disease. IManj’- of this group had had no intimate 
contact with patients. During the first half of April, 4 negro members of an 
engineering organization located further from the hospital than the signal com- 
pany were afflicted. Because of the mild nature of this disease, these probably 
represent a small per cent of the cases that occurred. 

SYJIPTOMATOLOGY 

The subjective constitutional symptoms were mild (table 1). Headache in 
the frontal region, and backache or aches in various regions such as the shoulders, 
groins and legs were common. Post orbital pain and photophobia was noted in a 
small number of patients. Feverishness was a relatively common symptom but 
it was never verj'- high. Only 2 cases had a definite chill though several com- 
plained of mild cliilty sensations. Twenty-three per cent of the cases noted adry 
cough, slight sore throat or symptoms suggestive of a beginning cold but these 
symptoms w^ere only transient. Anorexia was a symptom in one quarter of the 
cases. One patient had sharp epigastric pain for three days before admission. 
He vomited once. The pain was worse when he was upright or rode in a car. 
There were no other complaints, but the characteristic rash was apparent at the 
time of admission on the 4th day of his illness. 

More noticeable to the patient than any of the above symptoms was the rash. 
It was the appearance of this eruption that brought 45 or 94% of all cases to the 
hospital. Many cases were considered to have a skin disease and were referred 
to the out patient clinic for dermatological consultation. On admission 60% 
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had no other complaint than rash. Accompanying the rash 25% of the cases 
complained of itching, usually generalized, but often most intense on the palms or 
soles especially if there was swelling of these sites. A very characteristic com- 
plaint was pain and swelling of the cars, noted by 40% of the patients. This 
waslimited tothcedgeof theauriclc. Itwas occasionally the first symptom. In 
addition swelling of the eyelids was common. 

Stiffness and tenderness of a joint was a complaint in 14% of this series. The 
joint involvement was never severe enough to prevent the patient from walking 
into the hospital. 

Physical examination on admission to the hospital showed the patients did not 
appear acutely ill, nor in the least prostrated. They were comfortable in bed 

TABLE 1 
Symviomatology 

Per cent cf caret 


Constitutional manifestations 

Fever of 100® or over 75% 

Headache 50% 

Backache and generalized muscle aches 40% 

Anorexia 23% 

Postorbital pain 17% 

Photophobia 8% 

Chill 4% 

Maoulo-papular rash 100% 

Swelling of ears 46% 

Swelling of skin over elbows and knees 46% 

Swelling of hands and feet 25% 

Swelling of eyelids 14% 

Lesions on oral mucous membranes 14% 

Joint involvement 31% 

Effusion 10% 

Lympli node enlargement 80% 

Splenomegaly 10% 

Leucopenia 

W.B.C. 6000 or less 80% 

W.B.C. 4000 or less 39% 


alert, and cheerful. Mild analgesics were sufficient to relieve the aches. The 
symptoms were not aggravated by activity. 

The rash was so characteristic that it immediately established the diagnosis.. 
It appeared on the first day of illness in 28 cases (58%). In the first 3 days of 
the disease the rash had appeared in 85%. In 4 cases it did not appear until the 
4th day, in 2 cases on the 5th day and one case was ill 6 days before the rash ap- 
peared (table 2.). It began as a macular erythematous eruption, appearing first 
over the thorax, anteriorly and laterally, then spreading to cover the chest, back, 
shoulders, upper arms more on the extensor than the flexor surfaces, and then 
progressively down the arms, trunk and lower extremities. Sometimes it in- 
volved the neck and face as well. The area of the lower abdomen, buttocks and 
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upper thiglis often showed fewer lesions than sites mentioned. Soon after their 
appearance, the macules began to enlarge to a diameter of 10 mm. or more. Then 
the whole lesion either became slightly elevated and dusky red, or more com- 
monlj’' a small papule developed in the center of the macule and both macule and 
papule enlarged. Sometimes there would be 2 to 5 papules of varying sizes in 
one macular lesion. In these instances the underlying macule tended to remain 
flat and bright red until the defervescence when the dusky red color would appear. 
In the more florid cases the papules enlarged until they became 2 to 3 mm. in 
diameter and 1 to 3 mm. in height. At this stage they would be pale on top and 
superficially resemble vesicles. At the height of the eruption the underlying 
macules became confluent, covering large areas of the skin. Every case in this 
series showed this type of rash in various degrees of severity and extent. 

In 46% of the cases the exanthem involved the ears with redness and sv^eUing 
of the amide along the helix and antihelix. Several cases showed redness and 
swelling of the tip and alae of the nose in addition. The palms of the hands and 
soles of the feet were included in the eruption in 25%. The maculesin thesecases 
were always bright red. They were uniformly distributed on the palms and were 
usually grouped along the lateral mar^ of the foot or the medial side of the 
instep. In the majority of cases these lesions were accompanied by swelling of 
the underlying tissues and a moderately severe tenderness to pressure. In some 
cases the swelling was so severe that the whole palm was puffed. Stiffness and 
pain were then such that motion of the fingers was very tmcomf ortable. In these 
instances itching also was intense. A very characteristic localization of the rash 
was over the elbows and on the anterior aspect of the lower thigh in the prepatellar 
region. In these sites the lesions were bright red and the involved skin was 
thickened by an edematous induration. These lesions frequently coalesced, 
leaving the skin over the olecranon processes and more often over both knees 
fier}’’ red and tender similar to an area of erysipelas. There were 7 cases in which 
swelling of the eyelids was noted. This appeared as a periorbital puffiness which 
was occasionally sufficient to markedly narrow the palpebral fissure. Sometimes 
it was so mild as to be overlooked until the contrast caused by its sudden dis- 
appearance would call it to attention. Lesions on the mucous membrane of the 
palate were noted in 7 cases. In aU of these the sldn eruption was very marked 
and lasted 10 da 5 ’^s or more. They were small bright red macular areas 2 to 4 
mm. in diameter scattered along the hard palate or at its junction with the soft 
palate. There was no reserpblance to Koplik spots. These macules disappeared 
shortly after the exanthem began to fade. 

After the height of the rasb was reached there was a sudden and dramatic 
change. The color would darken overnight and the lesions became more discrete. 
The papules subsided rapidly and the macules would no longer completely 
blanche on pressure. After a few days the macules appeared as faint brownish 
discolored areas. Occasionally the lesions took on a purplish red color as they 
faded. In a few cases they became definitely purpuric, especially on the palms 
and soles. No cases were noted in which there was any desquamation. The 
eruption disappeared from the fourth to the fourteenth day of the disease. As 
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shown in table 2, the majorit}’- had the rash from 5 to 10 daj^s. The average 
duration w'as 7.5 days. 

Enlargement of the Ijunph nodes was conspicuous. It was present in 80% of 
this series. The axillary, inguinal, femoral, and epitrochlear nodes were con- 
sistently involved . Most cases had enlarged cervical nodes as well. There were 
a few cases however in which the cen’ical nodes were the only ones noted. The 
glands were discrete, firm, rubbeiy, about 1 to 2 cm. in diameter and not un- 
commonly tender. There was no apparent correlation between the extent of 
the rash and the degree of l 5 ’-mph node enlargement. 

Another of the distinctive features was involvement of the joints. It was 
much more prominent in this disease than in any other exanthemata, occurring 
in 3 1 % of the gi-oup. The patients complained of stiffness and soreness and there 
was moderate swelling about the joint. A small amount of fluid accumulated in 
the joint spaces in approximate!}'' half of these cases. Motion was only slightly 
limited due to pressure or stiffness. There was mild tenderness on palpation. 

The Icnee was involved in 6 cases, and of these 3 had fluid in both knee joints as 
demonstrated by the finding of a patellar tap. The other joints involved were 


TABLE 2 

Rdaiion of the rash to the febrile stage 


Day of disease 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Duration of fever 














Number of cases 

4 

11 

17 

7 

3 

4 

1 







Onset of rash 














Number of cases 

2S 

3 

10 

4 

2 

1 








Termination of rash 














Number of cases 




5 

S 

5 

6 

5 

7 

6 

2 

2 

1 


the ankle, (4 cases) a metacarpophalangeal joint (2 cases), and the hip, elbow 
and wrist. One other case showed swelling over the st 3 doid process of the left 
ulna. The swellings appeared as early as the 3rd day of the disease and as late 
as the 9th daj^ but most cases developed from the 5th to the 7th day. The onset 
usually coincided with the height of the rash or appeared the day the rash began 
to fade. The duration of joint involvement depended on the degree. Mild 
swelling would subside in one or two days, while effusions required 4 to 5 days. 
Two cases had fluid in the knee joint for 9 days. The symptoms rapidly dis- 
appeared as the swelling subsided. No evidence appeared to indicate an}'- serious 
damage to the S 3 mo\’ial surfaces and there was no recurrence of swelling, pain or 
limitation of motion after recover 3 A 

Splenomegaly was a relatively infrequent finding. It occurred in only 5 cases. 
The liver was palpable in 3 cases, and became enlarged during the course of the 
disease in one of these. Neither organ was noted to be tender on examination. 

The temperature course in this disease was very mild. The fever lasted from 
1 to 7 days but 66% of the cases had an elevation for 3 da 3 ’-s or less (table 2). The 
degree of elevation was moderate or slight. The highestrecorded was 102.8 on one 
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occasion. Seventy-seven per cent of the cases never had a temperature over 
101°F. The usual course was of prompt fall of the fever curve to normal by the 
second or third day in the hospital. From that time on the temperature remained 
normal in all cases except one patient who had an irregular slight fever for 6 days. 

In other respects the course of the illness was entirely favorable. The appetite 
and sense of well being returned promptly after the febrile response was over, and 
before the rash began to fade. As soon as the rash disappeared the patients 
were completely recovered . There was no asthenia nor mental depression during 
convalescence. 


LABORATORY DATA 

The data from laboratory examinations done on 31 patients showed the pres- 
ence of a leucopenia was consistent. Tv'elve cases had white blood cell counts 
below 4,000 per cu. mm. and in 25 cases the white cells numbered less than 5,000 
per cu. mm. (table 1). Some cases (30%) showed a moderate shift to the left and 
others (22%) showed a relative lymphoc 3 rtosis of 45% or more. Blood cultures 
were sterile in 15 cases. One patient showed one blood culture positive for 
Salmonella schoiimvlleri. Another case had 3 blood cultures which were positive 
for Streptococcus vi^idans. Three subsequent cultures were sterile. There were 
no petechiae observed, the patient had no fever, and the heart was normal on 
physical examination. The significance of this finding was never explained, but 
seemed to have no bearing on the disease under discussion. Urine cultures were 
negative in 13 cases and showed Salmonella schoilmulleri in two. Stool cultm-es 
revealed no pathogenic organisms in 11 instances. One case had Salmonella 
schotimulleri in the feces and 2 cases showed Shigella paradysenteriae (Flexner) 
bacillus. Neither of the latter had any diarrhea and the organisms were not 
found on repeated cultures. 

There is no adequate explanation for all the instances in which Salmonella and 
Shigella organisms were obtained on culture. Carriers of these pathogens were 
common in this locality and some of these results could be explained on this basis. 
This would not explain the positive blood and urine cultures. In view of the fact 
that the majority of cultures did not show this or any other organism it is felt 
that this finding is not related to the etiology of this disease. 

Darkfield examinations of the blood in 8 cases and of the skin lesions in one 
case failed to reveal spirochetes or leptospira. Agglutination tests were negative. 
These included OXK, Widal (Typhoid O and H, Para A and B), Heterophile 
antibodies, and one strain of Brucella. In none of these tests was the titre higher 
than the accepted normal range. These tests were done both early and late in 
the course of the disease. The Kahn was negative for aU cases. 

DIFFERENTIAL DIAGNOSIS 

The appearance of the rash resembled measles. However it did not start on 
the face and in most cases spared this region. In addition there were no Koplik 
spots nor coryza and the constitutional symptoms usually subsided as the rash 
developed. Twelve cases gave a definite history of having had measles, one only 




INTESTINAL HELMINTHIASIS: CLINICAL SURITEY OF SIX 
HUNDRED AND EIGHTEEN CASES OF INFECTION WITH 
COMIMON INTESTINAL HELMINTHS IN CHILDREN 

NATHAN H. EINHORN* akd JOHN FLEEK MILLER* 

From the Pediatric Service, Gorgas Hospital, Ancon, Canal Zone 

One cannot practice pediatrics in the tropics without being impressed by the 
frequency of infection with intestinal parasites. These infections are widely 
prevalent on the Isthmus of Panama where instead of being chiefly of academic 
interest as they are in most of the United States, they are of prime clinical 
importance. 

Excellent contributions to the knowledge of helminthiasis have appeared in 
the literature. These detailed accounts, however, have been devoted more to 
biologic than to clinical aspects, particularly as the latter relate to children. The 
discussions devoted to sjTnptoms, physical findings and treatment have been 
brief, confusing, and frcquentlj'- not borne out by observation. These existing 
misconceptions concerning the incidence, clinical manifestations and treatment 
of intestinal helminthiasis in children prompted this survej'. 

SOURCE OF MATERIAL 

This study deals with 51S children infected with intestinal parasites who were 
admitted to the pediatric wards of Gorgas Hospital, Ancon, Canal Zone from 
January’ 1, 1941 to Januarj' 1, 1944. An additional 100 outpatients infected 
with Enterobius vcrmicularis were included in this survey making a grand total 
of CIS. They were divided as follows: Group 1, consisting of 457 patients in 
whom infection was limited to a single parasite, and group 2 consisting of 161 
patients infected by 2 or more parasites (table 1). Separate communications 
dealing with oxyuriasis (1), ascariasis (2), trichuriasis (3), ancylostomiasis and 
strongjdoidiasis (4), and intestinal polyparasitism (5) have been published. 
This presentation is a summary of the clinical data obtained in the complete 
survey. 

The common parasitic infections in children were found to be ascariasis, 
ancjdostomiasis, trichuriasis, oxyuriasis and strongjdoidiasis. Some patients 
were infected with 2 or more parasites so that the frequency of infection in 518 
parasitized patients treated in the hospital was as follows: , 


PARASITIC INFECTION 

1 KCMBER 

per cent 

Ascariasis 

247 

33.7 

Ancylostomiasis 

175 

23.8 

Trichuriasis 

153 / 

20.8 

O-xyuriasis 

115 

15.7 

Strongyloidiasis 

44 

5.9 

Total 

734 
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The patients were children of employees of United States governmental agen- 
cies on the Isthmus of Banama. No socioeconomic selection of patients existed 
in this series and aU races, groups and social levels were represented. 

TABLE 1 

Distribution of intestinal parasites in children in a large general hospital located on the Isthmus 

of Panama 


The 200 patients with oxyuriasis included 100 treated in the hospital and 100 treated in 
the outpatient clinic. 



noubeh 

\VHITE 

KEGSO 

MESTIZO* 


CASES 

No. 

% 

No. 

% 

No. 

% 

Group 1 

Ascariasis 

125 

7 

5.6 

46 

36.8 

72 

57.6 

O.xyuriasis 

200 

161 

80.5 

20 

10.0 

19 

9.5 

Ancylostomiasis 

71 

4 

5.6 

33 

48.4 

34 

48.0 

Trichuriasis 

50 

3 

6.0 

31 

62.0 

16 

32.0 

Strongyloidiasis 

11 

1 1 

9.0 

s 

73.0 

2 

18.0 

Group 2 

Ascariasis and trichuriasis 

42 

1 

2.4 

II 

26.2 

30 

71.4 

Ascariasis and ancylostomiasis 

34 

0 

0.0 

■9 

2.9 

33 

97.1 

Ascariasis, ancylostomiasis, and tri- 
churiasis 

22 

0 

0.0 

2 

9.0 

20 

91.0 

Ascariasis, ancylostomiasis, strongyloidi- 
asis and trichuriasis 

9 

0 

0.0 

■1 

11.1 

8 

88.9 

Ascariasis and oxyuriasis 

6 

1 

16.7 

■1 

16.7 

4 

66.6 

Ascariasis, ancylostomiasis and strongylo- 
idiasis 

3 

0 

0.0 

■ 

33.3 

2 

66.7 

Ascariasis ard strongyloidiasis 

2 

0 

0.0 

0 

0.0 

2 

100.0 

Ascariasis, oxyuriasis and trichuriasis 

2 

0 

0.0 

0 

0.0 

2 

100.0 

Ascariasis, strongyloidiasis and tri- 
churiasis 

2 

0 

0.0 

0 

0.0 

2 


Ancylostomiasis and trichuriasis 

16 

0 

0.0 

5 

31.3 

11 

68.7 

Ancylostomiasis and strongyloidiasis 

9 

0 

0.0 

2 

22.2 

B 

77.8 

Ancylostomiasis, strongyloidiasis and 
trichuriasis 

7 

0 

0.0 

3 

42.8 

1 

57.2 

Ancylostomiasis and oxyuriasis 

3 

0 

0.0 

1 

33.3 


66.7 

Ancylostomiasis, oxyuriasis and trichuri- 
. asis 

1 

0 

0.0 

0 

0.0 

■ 

100.0 

Oxyuriasis and trichuriasis 

2 

0 

0.0 

0 

0.0 

2 

100.0 

Oxyuriasis and strongj-loidiasis 

1 ' 

1 

0 

0.0 

1 

1 100.0 

0 

0.0 

Total 



28.8 

167 

1 



44.2 


* The term mestizo is used to indicate various mixtures of Indian, Negro, white and 
oriental stocks which constitute the bulk of the native population. 


CLINICAL CONSIDERATIONS 

Location of dwellings — ^The communities from which the patients came were of 
three types as follows: 

1. United States government communities located in the Canal Zone, char- 
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acterized by minimal crowding, excellent toilet and sewage disposal facilities, 
paved streets and landscaped j’-ards. 

2. Principal cities of the Eepublic of Panama. In the center of these cities 
overcrowding among the poor is commonplace, facihties for sewage disposal are 
adequate, although not used to the fullest extent by an uninformed populace, 
and streets and alleys are paved. In the outskirts of these cities, however, 
facilities for sewage disposal are minimal; streets unpaved and landscaping 
absent. 

3. Rural or semirural communities in the Canal Zone or Republic of Panama 
(interior) where population is sparse, living conditions primitive, even outhouses 
being seen infrequentlj’-. 

In order to determine whether tjqje of location of dwelUngs had any casual 
relationship to helminthiasis, the available data from this series of 618 patients 
were analyzed (table 2). It was obvious that oximriasis occurred most fre- 

TABLE 2 

Residencies of patients infected tcith intestinal parasites 

These figures were obtained from statistical data on the admission records of the pa- 
tients. Subsequent questioning of parents revealed that the percentage dwelling in large 
cities of the Republic of Panama was too high and the number dwelling in unsanitated 
rural areas was too low. 


rxiAsmc DfrrenoK 

LOCATION or DWZUJKCS 

Government commun- 
ities in Canal Zone 

Larpe cities in 
Republic of Panama 

Unsanitated rural areas 


per cent 

per cent 

per cent 

Ancvlostomiasis 

7.0 

17.0 

76.0 

Ascariasis 

12.0 

26.4 

61.6 

Oxj'uriasis | 

82.5 

13.5 

4.0 

Strongyloidiasis 

27.0 

27.0 

46.0 

Trichuriasis 

G.O 

44.0 

50.0 

Polyparasitism 

6.8 

21.1 

72.1 


quently in areas where personal hygiene, living and environmental conditions 
were at a high level. Ancylostomiasis, ascariasis, and trichuriasis, on the other 
hand, were infections which occurred predominantly in areas where these factors 
were at a low level and combined to favor embrjmnation of ova in polluted soU. 
The 11 children infected with Strongyloides stercorahs made up too small a group 
to permit generalization. That a total of 104 or 24.9 per cent of the 418 patients 
with ancylostomiasis, ascariasis, strongjdoidiasis, trichuriasis and poljTparasitism 
came from large cities in the Republic of Panama was contrary to expectations. 
These figures obviously were misleading because such infections should be un- 
common in the city with sanitation facilities. Further investigation revealed 
that most of these patients acquhed their infections in rural districts and were 
brought into the cities by parents employed by agencies of the United States 
government. 

Racial differences — ^Important differences in the incidence of intestinal para- 
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sites among white, mestizo and ISTegro children were obsen’^ed (table 1 ). Except 
in strongyloidiasis, where the number of patients was too small to be significant, 
and in oxyuriasis where the white child was affected most frequently, the^highest 
incidence was in the mestizo, and the lowest in the white child. The incidence 
among Negroes occupied an intermediate position. Except for oxyuriasis this 
distribution was considered as being a logical result of living conditions and not 
due to racial susceptibility. 

In general, the white children lived where sanitation, hygiene and environ- 
mental factors were entirely satisfactory, the Negroes lived where these factors 
were only fairly satisfactory, and the mestizos actually lived on the soil. It was 

TABLE 3 

Age distribulion of patients infected with intestinal parasites (in per cent) 


AGE IN YEARS 


PASSAITIC INFECTION 

Less 

than 

1 yr. 

1 

2 

3 

4 

s 

6 

B 

8 

9 

10 

11 

12 

Ancylostomiasis. . . 

0.0 

2.8 

2.8 



4.2 


11.3 

7.0 

16.9 

7.0 

9.9 

8.5 

Ascariasis 

0.8 


w 

16.8 

7.2 



3.2 


3.2 

7.2 

4.8 

7.2 

0.xyuriasis 

0.0 

5.5 


13.5 


11.5 

7.0 

6.5 

7.0 

IB 

5.5 

2.5 

4.0 

Strongyloidiasis. . . 

in 

27.2 



■mu 

IB 


0.0 

wm 

IQQ 

m 

IB 

0.0 

Trichuriasis 

ESI 

1^ 


wm 

■Hn 

wm 





m 

m 

6.0 

Polyparasitisra 

IB 

3.1 

13.7 

7.5 

12.4 

11.8 

11.8 

8.1 


7.5 

5.6 

6.2 

6.8 


TABLE 4 


Distribution of intestinal parasites according to sex of patients 


PASASme INFECTION 

PER CENT OP PATIENTS 

Male 

Female 

Ancylostomiasis 

64.8 

35.2 

Ascariasis 

54.4 

45.6 

Oxjmriasis 

50.0 

50.0 

Strongyloidiasis 

45.4 

54.6 

Trichuriasis 

56.0 

44.0 

Polyparasitism 

64.0 

36.0 


not surprising, therefore, to find the highest incidence of intestinal parasitism in 
the mestizos, and the lowest in white children. The obser^'^ation that oxyuriasis 
was much more common in white than in Negi’O children confirmed a similar 
observation made by Cram (6) in studies conducted in Washington, D. C. 

Age — The age distribution is shown in table 3. Except in infancy oxyuriasis 
was more or less evenly distributed throughout the preschool age. From then 
on there was a gi-adual fall continuing probably into adult life. 

Ascariasis was observed in an 1 1 month girl who died from a heavy infection and 
resultant complications. In this child hffection must have occurred at or before 
the age of 9 months. Infection with Ascaris lumbricoides might occur as soon as 
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a child was old enough to crawl about and come in contact with polluted soil. 
In 52.8 per cent of the patients, infection occurred by the time the patients were 
4 years of age. The younger children not only became infected more commonlj' 
than older children, but they also harbored heavier infections and showed more 
serious symptoms and physical signs. The incidence of trichuriasis in children 
of the preschool age corresponded to that of ascariasis. From then on, the 
incidence of infection with A. lumbricoides decreased as the habits of patients 
improved and the parasites died spontaneously. However, the incidence of 
trichuriasis was maintained throughout childhood probably because of the 
longer life span of Trichuris trichiura. Ancylostomiasis was the least common 
infection during the preschool age, it ha^ ing been discovered by the age of 4 
years in only 12.6 per cent of the patients. 

Polyparasitism was uncommon before the age of 2 years. The incidence then 
increased rapidly up to the age of 5 when 79 or approximately one-half of the 
children had accumulated their burden of worms. 

Sex — There was a predominance of boys in every infection considered except 
in oxyuriasis and strongyloidiasis (table 4). 

SYMPTOMATOLOGY OF HELMINTHIASIS 

Of the 618 patients studied, 367 or 59.4 per cent were brought to the physician 
for diagnosis and treatment of diseases other than parasitism, and 251 or 40.6 
per cent with symptoms later accounted for by helminthiasis alone (table 5). 
Malaria and miscellaneous conditions of the respiratory tract were the most 
frequent unrelated associated diseases observed. It has been pointed out that 
oxyuriasis occurred commonly in the white child who lived in the sanitated 
community, and, therefore, one would not expect to find malaria in children 
infected with E. vermicularis. Such proved to be the case in this stud 3 \ Only 
1 per cent of the 200 patients with oxyuriasis had malaria. Of the remaining 418 
with ancylostomiasis, ascariasis, strongyloidiasis, trichuriasis and polyparasitism 
195 or 46.7 per cent had malaria. 

A liberal attitude was maintained in evaluating the symptomatology of in- 
testinal parasitism. Symptoms which could have been due to either helminthia- 
sis or to associated unrelated disease were included with those presumablj' due to 
parasitism. Such symptoms as chills and fever, delirium, headache, purulent 
aural discharge, rhinorrhea, sldn rash, somatic pains, and sore throat obviously 
due to associated unrelated diseases were discarded completely. By the.sc pro- 
cedures it was hoped to obtain an accurate index of the symptomatology of 
helminthiasis. 

All symptoms observed were placed arbitrarily into the following groups of 
symptoms: (1) General; (2) local; (3) those secondary to local discomfort; (4) 
gastrointestinal; (5) nervous; and (6) pulmonary (table 6). This classification 
was adopted because it simplified understanding the clinical manifestations. 
The actual placement of findings in one group or another was a convenience 
arbitrarily adopted for purposes of this report. 
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Symptomatology of oxyuriasis— Om hundred hospital patients and 100 out- 
patients infected with E. vermicularis were studied . Most of the former entered 
the hospital because of diseases unrelated to oxy.uriasis, while most of the latter 
had no disease other than oxymiasis. Seventy-five of the inpatients and 50 of 
the outpatients were free from subjective symptoms attributable to oxyuriasis. 
Thus, in 125 or 62.5 per cent, the presence of infection was determined by labora- 
tory means or by the mother or nurse seeing the worms on the perianal region. 

The following symptoms were observed: 

A. Local symptoms: (1) pruritis ani and associated sensations; and (2) vaginal 
and perianal irritations with or without secondary infection, due mostly to 
scratching. 

B. Symptoms secondary to local discomfort; (1) Wakefulness at night; (2) 
genitourinary disturbances such as nocturia, burning on urination, and enuresis 
or any other s 3 fmptoms occasioned by nonspecific vaginitis. 


TABLE 5 

Associated unrelated diseases in intestinal parasitism 


DISEASE 

PES CENT OP PATIENTS 

Ancylosto- 

miasis 



Strongy- 

loidiasis 

Trichuriasis 

Polypsrasi- 

tism 

Malaria 

69.0 

55.2 

1.0 

45.5 

22.0 

37.9 

Acute and chronic respiratory 







diseases 

14.1 

16.0 

34.0 

27.3 

30.0 


Acute communicable diseases.. 

5.6 

4.8 

3.0 

0.0 

6.0 


Miscellaneous 

11.3 

3.2 

12.5 

9.0 

20.0 


Total 

109.0 

79.2 

50.5 

81.8 

78.0 


Intestinal parasitism unas- 







sociated with other diseases. . 

0.0 

20.8 

49.5 

18.2 

22.0 

26.0 


C. Gastrointestinal symptoms; (1) Abdominal pain; (2) vomiting; (3) diar- 
rhea; and (4) anorexia. 

D. Nervous symptoms secondary to disturbed sleep and general discomfort. 
Although no specific disorders were observed, it was obvious that behavior or 
personality problems could be caused or aggravated by severe perianal itching. 
Fretfulness, gritting of the teeth, headaches, irritability, lethargy, restlessness, 
thumb sucking and tics were observed occasionally, although these symptoms did 
not include all of the possibilities. 

Anemia, malnutrition of marked degree and allergic manifestations were not 
encountered. Convulsions were present in 2 patients, both of whom had fever 
and acute suppurative otitis media. 

Symptomatology of ascariasis — The symptoms of ascariasis are produced by (1) 
migrating larvae, and (2) by adult worms in the gastrointesthal tract or its _ 
associated organs. The symptoms associated with migration of larvae are those 
produced by lodgement of larvae in various organs of the body. Larvae have 
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TABLE 6 

Symptomatology of oxyuriasis, ascariasis, trichuriasis and polyparasitism 


PEK CENT or PATIENTS 


IKIXCTION 

Ascariasis 



Polypara- 

sitism 

Number of cases 

125 

i 

200 

50 

161 

General symptoms 

Failing health 

0.6 

f,o or ln.«;R of 

6.4 

3.5 


1.9 

Fever 

11.2 


19.3 

Geophagy 



Malaise 



2.0 I 


Malnutrition 

52.S 


39.1 

Local sjTnptoms 

Choking 

1 

0.8 


! 

Frequency of urination 

0.8 




Itching in throat 

0.8 




Pruritis ani 

8.5 

2.0 


Vaginitis, local infections 


1.5 


Worms on perianal region 


36.0 



Symptoms secondary to local discomfort 

Burning, enuresis, nocturia 

j j 

2.5 

1 


Wakefulness at night 


4.0 

i 



Gastrointestinal s 3 Tnptoms 

Abdominal distention 

i 

1.6 


4.3 

Abdominal pain 

8.0 

12.0 

18.0 

13.0 

Anorexia 

8.8 

6.5 

4.0 

14.9 

Bloody diarrhea 

1.6 

10.0 

4.3 

Constipation 

1 

2.0 

0.6 

Diarrhea 

8.8* 

1.5 1 

i 

14.0* 

15.5* 

Excessive appetite 

0.8 

Passing worms bj' bowel 

22. 4t 
3.1 


14.0 

13.0t 

3.1 

Passing worms by mouth & bowel 


Prolapse of rectum 


4.0 

2.5 

Tenesmus 



2.0 

2.5 

Vomiting - 

22.41 

10.4t 

2.4 

4.5 

1 

10.0 

19.9J 

6.2t 

4.3 

Vomiting worms 

Nervous S 3 Tnptoms 

Apathy, lethargy, weakness 

1.5 

4.0 

Convulsions 

4.8 

1.0 

1.9 

! 

Facial tics, grimacing 

1.0 


Fretfulness, irritability, restlessness 

3.2 

3.0 



Gritting teeth 

0.5 



Headache 


0.5 


1.9 

Thumb sucking 


0.5 


Pulmonar 3 ' S 3 Tnptoms 

Cough 

5.6 


1 

! 13.0 

D3'spnea 



2.5 






* Includes bloody diarrhea, 
t Includes passing of worms by mouth and bowel. 

t Includes vomiting of worms as well as passing of worms by mouth and bowel. 
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been reported in the brain, kidneys, lungs, spinal cord, spleen and thyroid gland. 
Autopsies were performed on 5 patients in the present study, and although the 
internal organs were examined carefully both grossly and microscopically, larvae 
were demonstrated in only 1 patient (in the middle ears). The presence of larv'ae 
in the lungs is said to result in fever, rapid respiration, hemoptysis and signs of 
consolidation. Lobar or bronchopneumonia was diagnosed in 5 patients who 
had ascariasis, and in 9 others w'ho had ascariasis in combination with other 
helminthic infections. It is not asserted, however, that the pneumonias in these 
cases were due to the presence of larval forms in the lungs or were of the atypical 
lobular type called by Keller and his associates (7) Ascaris pneumonitis. Except 
in the 14 children with pneumonia, abnormal physical signs in the chest were ob- 
served rarely, and roentgenographic examinations of the lungs of 30 additional 
patients who had findings impUcating the respiratory tract revealed essentially 
normal conditions. Sputum w’as examined in a few^ instances, but no larrae 
were demonstrated. In many of the patients, infection was continuous so that 
combinations of symptoms due to migrating larvae and to adult forms were 
obseiwed. Of the 14 who had pneumonia, 5 passed ascarides in their stools, and 
1 vomited as well as passed worms in his stools. 

The following symptoms were observed in 125 patients infected with A. 
lumbricoides; 

A. General symptoms: (1) Malnutrition; (2) fever; and (3) loss of or failure to 
gain weight. Although quantitative estimation of the exact state of nutrition 
in these children was not possible, 66 or 52.8 per cent were described as being 
underweight. This finding was most pronounced in the younger patients. 

B. Local symptoms; (1) Choking; (2) frequency of urination; and (3) itching 
in throat. 

C. Gastrointestinal symptoms; (1) Passing of worms by bowel; (2) vomiting; 
(3) vomiting of worms; (4) passing of worms by mouth and bowel; (5) anorexia; 
(6) abdominal pain; (7) diarrhea; (8) abdominal distention; (9) bloody’- diarrhea 
and (10) excessive appetite. The two most frequent symptoms were passing of 
worms by’- bowel and vomiting. The former occurred in 28 patients (22.4 per 
cent), 18 of whom were brought to the hospital for unrelated disease, .the history 
of passing worms being obtained incidentally. Vomiting was of almost equal 
importance as a symptom ; it occurred in 28 patients, or 22.4 per cent, of whom 13, 
or 10.4 per cent, vomited worms. Included in this total were 4 patients who 
vomited worms as w'eU as passed them by bowel. Abdominal complaints were 
more often in the nature of abdominal distress rather than actual pain. Acute 
disturbances due to lodgement of parasites in the gastrointestinal tract or its 
associated organs have been reported. Ascarides may produce intestinal ob- 
struction. They may wander into the appendix producing obstruction of the 
lumen and symptoms of appendicitis; into the common bile duct producing 
jaundice and/or suppm-ative pancreatitis, or rupture the wall of the appendix or 
intestine resulting in peritonitis. Fatal abdominal accidents were obsen'cd 
-tv’ice. In 1 child, several ascarides entered the peritoneal cavity through a 
perforation in the appendix and resulted in generalized peritonitis. In the other 
child, the liver, biliary and pancreatic ducts were invaded by the parasites. 
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D. Nervous s3'mptoms: (1) Convulsions; (2) restlessness, (3) apathy and 
weakness. Convulsions were observed in 6 patients: 4 had no disease other than 
ascariasis, 1 had an associated acute bilateral suppurative otitis media, and 1 had 
an associated primaiy estivoautumnal malaria. These acute infections offered 
more tenable explanations than did ascariasis, although it could not be stated 
with finality that either the unrelated associated diseases or ascariasis were the 
cause. Apathj', irritabilitj’’, restlessness and weakness were imcommon 
complaints. 

E. Pulmonarj’-sj'mptoms: (1) Cough. 

Symyiomatology of ancyloslomiasis — Relativclj’’ few symptoms were observed 
in the 71 patients Avith anc 3 dostomiasis. Abdominal pain in 1 patient and 
vomiting in 2 others were thought to be due to this infection. Four children, 1 
in whom anc3dostomiasis Avas the sole infection and 3 in Avhom ancylostomiasis 
was part of a multiple parasitic infection shoAved severe anemia, pallor, cardiac 
dilatation and failure. Even in the presence of severe anemia, subjective symp- 
toms were not observed until the anemia reached such a degree that critical 
heart failure supen’^ened. ^Malnutrition, retardation in grovdh and development, 
and abdominal distention Avere uncommon except in scA’ere infections. 

Symptoviatology of irichitriasis — The S 3 mptoms observed in 50 patients with 
trichuriasis Avere as folIoAvs: 

A. General S3mptoms: (1) Failure to gain or loss of weight; (2) fever; (3) 
geophag3'; and (4) malaise. 

B. Local S3'mptoms: ( 1 ) Pruritis ani. 

C. Gastrointestinal s3mptoms: (1) Abdominal pain; (2) diarrhea, oftentimes 
blood-streaked; (3) passing of Avorms by bowel; (4) vomiting; (5) anorexia; (6) 
tenesmus; (7) prolapse of the rectum; and (8) constipation. 

The most common complaint was abdominal pain or distress. In only 1 
instance was the pain localized in the right loAver quadrant thereby simulating 
appendicitis. There were several children under the age of 2 years in AA'hom the 
diarrhea Avas associated with marked dehydration, loss of weight and loss of 
tissue elasticity. Generally, hoAveA’^er, the diarrhea of trichuriJisis extended OAm 
a period of one to three months. The stools numbered 4 to 6 daily, were loose 
but usually not AA’atery, and frequently Avere streaked Avith blood. Prolapse of 
the rectum occurred in 2 patients infected solely Avith T. trichiura, and in 4 pa- 
tients in whom this parasite occurred in combination Avith other he lmin ths. Six 
patients had a blood -streaked diarrhea, and in several Avith prolapse, parents 
reported noticing small white worms on the surface of the prolapsed mucosa. 
Although diarrhea was observed in 53 or 8.6 per cent of the 618 patients in this 
survey, rectal prolapse occurred only in those Avho had ova of T. trichiura in their 
stools. It was felt that a typical history of severe trichuriasis in the infant or 
young child was as foUoAvs: (1) diarrhea of from one to three months duration, 
the stools often becoming streaked with blood as the disease progressed; (2) 
recurring abdominal discomfort and tenesmus; (3) progressive loss of weight 
eventuating in (4) repeated prolapse of the rectum. 

D. Nervous symptoms: (1) Apathy and weakness. 

Symptomatology of strongyloidiasis — S3nnptoms of infection with S. stercoralis 
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were common even in tMs small group of 11 patients. Vomiting occurred in 2 
children, diarrhea in 2, loss of weight, abdominal tenderness, and lethargy in 1 
each. Both patients with diarrhea had intermittent attacks of vomiting and 
loose stools extending over a period of several months without fever or associated 
disease. Other causes of diarrhea with blood and mucus in the stools were ruled 
out. None had stools that were grossly streaked with blood as were observed in 
trichuriasis. Nutrition of the group was average. 

Symptomatology of polyparasitism — ^The symptoms observed in 161 patients 
infected with 2 or more intestinal parasites were as follows; 

A. General symptoms: (1) Malnutrition or tmderweight; (2) fever; (3) loss of 
weight; (4) failing health and loss of desire to play. 

B. Local symptoms: (1) Pruritis ani. 

C. Gastrointestinal symptoms: (1) Vomiting; (2) vomiting of worms; (3) 
passing of worms by mouth and bowel; (4) diarrhea, oftentimes blood-streaked; 
(5) anorexia; (6) passing of worms by bowel; (7) abdominal pain; (8) abdominal 
distension; (9) prolapse of rectum; (10) tenesmus; (11) constipation. 

D. Pulmonary symptoms: (1) Cough; and (2) dyspnea. 

Thus, the symptoms of infection with 2 or more intestinal parasites were 
the accumulation of symptoms of the individual infections (table 6). 

Physical findings -were less important than symptoms in the diagnosis of 
helminthiasis. Several important signs w^ere observed, however. Underv'eigbt 
was common in ascariasis and polyparasitism particularly in the yormger age 
group. It w'as observed in ancylostomiasis and trichuriasis when infection was 
heavy but not in oxyuriasis. Abdo min al distention occurred in severe ancylo- 
stomiasis, ascariasis, and when these infections were combined in the same 
individual. Pallor and anemia occurred in ancylostomiasis, but infantilism was 
not observed. Prolapse of the rectum was described in coimection with the 
symptomatolog}'- of trichuriasis. The dehj’-dration and loss of weight in the 
diarrhea of strongyloidiasis and trichuriasis were commensurate with the severity 
and duration of the diarrhea. Local evidences of scratching of the perianal 
region were observed in oxyuriasis. 

LABORATORY FINDINGS 

Hemoglobin — Estimations were made by the Tallqvist technic, and checked 
by the Sahli method when found below' 50 per cent. The values obtained w'ere 
contrasted with the percentages of hemoglobin in 30 children admitted to the 
surgical service with simple, uncomplicated fractures and free from medical 
disease. They compared favorably with values in the small comparative group, 
although hemoglobins below' 60 per cent w'ere more common in parasitized than 
in nonparasitized individuals. The average values are shown in tables 7 and 8. 
Anemia occurred most frequently in ancylostomiasis and trichuriasis, butitwas 
not an important feature of ascariasis, oxyuriasis and strongyloidiasis. The 
severest anemias w'ere noted in ancylostomiasis. Two patients with uncompli- 
cated ancylostomiasis had hemoglobins of 10 per cent. One of these was re- 
ported in another paper (4) , but the other was in the hospital recently and was 
not included in this study. 
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Ertyhrocyte counts — These corresponded closely to hemoglobin values. 

Leukocyte counts — ^Although wide variations in the total number of leukocytes 
were observed, the average was within normal limits (table 8) . In most instances 
deviations from the normal count were caused by unrelated presenting diseases. 

Differential leukocyte counts — ^As with total leukocyte counts, wide variations 
in differential counts w^ere observed, but the average was within normal limits 
(table 8). Special consideration was given to the number of eosinophils, since an 
increase has been considered of value in the diagnosis of helminthiasis. Todd 


TABLE 7 

Hemoglobin determinations in children infected with intestinal parasites 
Complete blood counts were available in only 123 of the 125 patients with ascariasis* 


PEE CENT OF PATIENTS 


PEE CENT 


SE2IOGLOBIN 

Ancylosto- 

miasis 



Strongy- 

loidiasis 

Trichuri- 

asis 

Polypara- 

sitism 

Compara- 
tive group 

mSM 

1.4 

0.0 

0.0 

mm 

0.0 

0.0 



0.0 

0.0 

0.0 


0.0 j 

1.2 

0.0 


0.0 

0.8 

0.0 


0.0 

0.6 

0.0 


4.5 

4.8 

0.0 

9.0 

4.0 

3.7 

0.0 


8.5 

10.4 

1.5 

27.0 

12.0 

14.9 

6.0 


51.8 

56.0 

35.5 

27.0 

36.0 

39.1 

35.0 


32.4 

26.4 

61.5 

37.0 

48.0 

40.4 

59.0 


1.4 

0.0 

1.5 

0.0 

0.0 

0.0 

. 0.0 


TABLE 8 


Average valves of hemoglobin, erythrocyte, leukocyte and differential counts in children irifected 

with intestinal parasites 


PARASITIC INTECTION 

ANCYLO- 

STOMIASIS 



STEONCY- ’ 
LOIDIASIS 

TRICHOR- 

lASlS 

polypaea- 

SITISM 

Hemoglobin (per cent) 

61 

65 

68 

59 


62 

Erythrocytes (million) 

3.5 

3.8 

3.9 

3.5 


3.6 

Leukocytes (thousand) 

7.5 

9.2 

6.8 

8.4 


9.5 

Neutrophils (per cent) 

64 

63 

59 

61 

67 

62 

Lymphocytes (per cent) 

33 

35 

39 

36 

30 

35 

Eosinophils (per cent) 

2.6 

1.7 

3.0 

2.9 

2.7 ■ 

3.2 

1 


and Sanford (8) stated that the normal number of eosinophils varies from 1 to 4 
per cent. The percentages of patients in this study with eosinophilia of over 4 
per cent were as follows: 


PAEASme INFECTION 

PER CENT OP PATIENTS 

Ancylostomiasis 

1.4 

Ascariasis 

11.2 

Oxyuriasis 

18.5 

Strongyloidiasis 

18.2 

Trichuriasis 

24.0 

Polyparasitism 

18.6 
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Examination of stools — Ancylostoraiasis, ascariasis and trichuriasis were diag- 
nosed by demonstrating the characteristic ova in the stool. Strongyloidiasis 
was diagnosed by demonstrating the rhabditiform larvae of S. stercoralis in the 
stool. Oxyuriasis could not be diagnosed satisfactorily by examination of the 
stool. Although stools of 120 of the 200 patients with oxyuriasis were examined, 
ova were demonstrated only once. Thirty-sLx per cent were diagnosed by ob- 

3.5 per cent were 
. More recently 
md to be at least 

as satisfactory as the cellophane tip. 

TREATMENT 

In evaluating the efficacy of therapy, it was felt that failure to demonstrate 
ova in the stools or on cellophane tips did not prove conclusively the absence of 
intestinal parasites. After completion of treatment in the hospital, most of 
these children returned to their homes. Although examination of stools re- 
vealed no ova at time of discharge, it was not possible to determine whether an 
existing infection was a reinfection or an old infection incompletely treated. The 
following vermifuges were used during the period covered by this survey: (1) Oil 
of chenopodium; (2) tetrachloroethylene; (3) hexylresorcinol; (4) gentian violet 
medicinal; (5) infusion of quassia chips; and (6) leche de higueron. The technics 
found most useful and results of treatment are presented in detail. 

1 . Oil of chenopodium — ^This was given in doses of 2 to 3 minims per year of age. 
Treatment was carried out in the following manner: Magnesium citrate was 
administered at 11 a.m. on the day before treatment was to begin. Breakfast 
was withheld on the following day, the drug was given at 6 a.m. and was followed 
in two hours by a second dose of purgative. Food was withheld until brisk 
catharsis had occurred. Vomiting, intestinal cramps and prostration occurred 
frequently. Oil of chenopodium was used for 6 patients with ancylostomiasis, 8 
with ascariasis and 9 with polyparasitism. Infection persisted in 10 necessi- 
tating changes to other more effective and less toxic drugs. Within the past 
year the use of oil of chenopodium has been discontinued. 

S. Tetrachloroethylene — This was given in doses of 3 m inims per year of age. 
Treatment was carried out in the following manner: Magnesium citrate was 
given the night before treatment was to begin; breakfast was withheld on the 
following morning, and the measured amount of vermifuge was administered 
xmder a layer (a full dose) of magnesium citrate. Untoward symptoms consisting 
of abdominal cramps, anorexia, diarrhea, prostration and vomiting were noted 
infrequently. Tetrachloroethylene was used for aU of the parasites studied with 
the following results: 

A. OxjTiriasis; the drug was used for 19 or 9.5 per cent of the patients. All 
of the children who returned for observation after treatment had symptoms, 
worDM visible on the perianal region or positive cellophane tips. Tetrachloro- 
ethylene was of no value for oxyuriasis. 

B. Ascariasis; the drug was used for 16 children with unsatisfactory results. 


f 


serving E. vermicularis on the perianal region ; the remaining Ql 
^.fiiagnosed by the cellophane tip method of Brady and Wright (9) 
the scotch tape technic of Von Hope (10) has been tried and fot 
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and after the drug had been given to this small group of patients its use as an 
ascaracide vas discontinued. 

C. Ancylostomiasis; the drug ivas used for 32 or 45 per cent of the patients, 
and foimd to be highly effective as an ancylostomacide. 

D. Trichuriasis and strongyloidiasis; the drug was used in 1 patient Muth 
trichuriasis and in 1 patient with strongjdoidiasis with unsatisfactory results. 

E. Polyparasitism; hexylresorcinol followed in several days by tetrachloro- 
ethylene was most effective for treatment of childi-en who had both ascariasis 
and ancylostomiasis. The initial use of tetrachloroethylene under such cir- 
cumstances caused the ascarides to become overactive and resulted in abdominal 
pain. In order to eliminate this, hexylresorcinol was administered first and 
followed in several dai's “with tetrachloroethylene when necessar 3 ^ 

S. Hexylresorcinol — This drug was available in 0.1 and 0.2 Gm. hard gelatin 
capsules. The doses were 0.1 Gm. per year of apparent age, with a maximum 
dose of 1 Gm. Treatment was carried out in the following manner : A preliminary 
laxative of magnesium citrate was administered at noon on the day preceding the 
beginning of treatment. A light evening meal wasgiven. On the foil owing morn- 
ing breakfast was withheld, and at 6 a.m. the correct number of capsules was 
given as one dose. A laxative, magnesium citrate, was given twenty-four hours 
after treatment to remove moribund and dead worms. If severe infection was 
present, an enema was given in addition to the second dose of citrate. The 
capsules were either swallowed whole with water, or with younger patients, 
inserted directly into the esophagus by a physician. This procedure prevented 
ruptme of the capsule, with consequent chemical irritation of the lips and mouth. 
Aside from infrequent vomiting, no serious toxic symptoms were observed. One 
patient vomited shortly after the drug Tvas administered, and severe irritation of 
the lips and mouth occurred. Hexylresorcinol was used for all of the parasites 
studied with the following results: 

A. Ox 3 mriasis; the drug Avas used in one or more courses for several children. 
Hexylresorcinol was found to be inefifective, and after the drug had been given to 
this small group of patients its use as an oxyuricide was discontinued. 

B. Ascariasis; the drug was used for 98 or 78.4 per cent of the patients. Al- 
though follow-up care for this group was inadequate, no treated patient was 
discharged from the hospital until examinations of the stools revealed absence of 
ova. To 11 patients, two courses, and to 2 patients three courses of hexylre- 
sorcinol were administered before the stools became negative for ova. Of the 
various vermifuges used in the treatment of ascariasis, hexylresorcinol seemed to 
be the safest, most efficient, and certainly the easiest to administer. 

C. Ancylostomiasis; the drug ivas used in one or more courses for 59 or 83 
per cent of the patients. The stools became negative for ova in 27 or 38 per cent. 
It was concluded that hexyhesorcinol was a good ancylostomacide although less 
effective than tetrachloroethylene. 

D. Trichuriasis and strongyloidiasis; the drug was used for 34 or C8 per cent 
of the patients with the former infection and for 6 or 54.5 per cent of those with 
the latter infection. In none was there complete elimination of parasites. There 
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may have been a reduction in nxunber of parasites since S 3 Tnptoms were 
improved. 

E. Polyparasitism; the drug was used in one to five courses for 122 or 75.2 per 
cent of the patients. It was most effective in the treatment of ascariasis but 
somewhat less effective in ancylostomiasis. The effect on strongyloidiasis and 
trichuriasis may have been in the nature of a reduction in number of parasites. 
Occasionally, however, larv'^ae of S. stercoralis disappeared from stools after 
intensive therapy with hexylresorcinol and tetrachloroethylene. 

Jf.. Gentian violet medicinal — ^This drug was used in the form of enteric coated 
tablets in doses of from 0.25 (0.015 Gm.) to 1 grain (0.06 Gm.) three times a day 
tsventy minutes before each meal for two periods of eight days each, interrupted 
by a rest period of seven days. This treatment was used only in children old 
enough to sv'aUow the capsules intact. Anorexia, abdominal cramps, nausea 
and vomiting occurred frequently when the larger dose of 1 grain (0.06 Gm.) was 
given. Gentian violet medicinal was used for all of the parasites studied with 
the following results: 

A. Oxyuriasis; the drug was used for 76 or 38 per cent of the children. Four- 
teen of these were followed carefully and treatment was considered as having 
been successful in 13. The use of the drug was discontinued in 5 additional 
patients because of vomiting. The criteria for determining success of treatment 
were: (1) absence of visible worms on the perianal region, (2) cessation of symp- 
toms, and (3) repeated negative cellophane tips. Treatment with gentian \dolet 
medicinal was supplemented by appljdng a 5 per cent ointment of ammoniated 
mercurj’' to the ends of the fingers and perianal region twice daily. The 
ease and methods of auto-infection were explained to parents, and special 
instructions concerning the necessity for keeping fingernails clipped short were 
given. 

B. Ancjdostomiasis, ascariasis, and trichuriasis; the use of gentian violet 
medicinal in these infections was without benefit. 

C. Strongyloidiasis ; the drug ^\'as used for 2 patients. Although severe symp- 
toms were improved, this effect was apparently due to reduction in number 
rather than to complete elimination of parasites. 

6, Infusion of quassia chips — ^This was prepared by boiling 3 tablespoonfuls 
of quassia chips in 1 quart of water until 1 pint was left. The infusion was 
strained and used in amounts of 2 to 3 ounces (60 to 90 cc.) as a rectal injection 
followed in twenty minutes by a soapsuds enema. Injections were repeated on 
alternate days for two months. This routine was used for 41 or 20.5 per cent 
of the patients infected with E. vermicularis. It proved to be of moderate value 
in those unable to swallow the tablets of gentian violet medicinal. Treatment 
with infusion of quassia chips often relieved symptoms but less frequently elimi- 
nated the parasites. 

6. Leche de Higueron — Tu’^o varieties were used ; (1) “Higueronia” a Colombian 
proprietary preparation preserved with sodium benzoate, and (2) the fresh latex 
obtained from the wild fig tree (Ficus lam-ifolia) which grows locally. . The fresh 
preparation was kept at 40°F. without the addition of preservative. Treatment 
was carried out in the following manner; Magnesium citrate was given the night 
before treatment was to begin; breakfast was withheld on the following morning 
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and 1 to 3 ounces (30 to 90 cc.) of either the proprietary or fresh preparation were 
given. A laxative, magnesium citrate, was given twenty-four hours after treat- 
ment. This routine was repeated at inten’-als of five days. Both preparations 
were tried repeatedl 3 ’-, and both were equally ineffective in the treatment of 
oxyuriasis and trichuriasis. However, the success which Caldwell and Caldwell 
(11) as well as Faust (12) have had in the treatment of trichuriasis with thia drug 
has encouraged further trial. 

Recentlj’- 2 infants were admitted to the hospital because of persistent diarrheas 
associated with massive infections with T. trichiura. Both were treated un- 
Buccessfullj’’ with repeated courses of gentian \'iolet medicinal, hexylresorcinol, 
retention enemas of 1:1,000 solution of hexylresorcinol, and eight courses of 
fresh lechc de higueron. Following these treatments, proctoscopic examinations 
were done. It was obser\'ed that the wall of the lower portion of the descending 
colon and sigmoid in both infants was covered with an almost continuous mo\dng 
film of trichuridcs so that the mucosa was visible only in small spots. Then 
retention enemas of 3 ounces (90 cc.) of fresh Leche de higueron were given care- 
fullj’’ on alternate da 3 '’s. Since Ross (13), and Getz (14), demonstrated that the 
necks of trichurides were sewn through small segments of the intestinal mucosa 
like basting threads, this procedure seemed doomed to failure. However, from 
50 to 200 parasites were expelled with each enema. The first child received five 
enemas and was discharged improved although ova persisted in her stools. The 
second child received six enemas. Her weight which had dropped to 11 pounds 
in the hospital increased to IG pounds when she was discharged eight months 
after admission. Injections with solutions of soap, normal saline and sodium 
bicarbonate tried as controls 3 aelded from none to not more than 6 or 8 parasites. 

Treatment of intestinal parasitism consisted of 2 important parts: first, that 
directed at the parasitic infection; and second, that directed at the general con- 
dition of the cliild. Anthelminthic therap 3 '^ has been described in detail. Bal- 
anced diets adequate in calories and vitamins were given as soon as tolerance 
of the gastrointestinal tract permitted. Iron was administered when mild 
anemia was present. Blood transfusions were life saving measures in several 
instances of severe anemia in ancylostomiasis. Frequently it was surprising to 
see how soon after the beginning of treatment the children began to look brighter, 
became more energetic and acquired ravenous appetites. 

COMMENT 

Symptoms — The clinical features of each infection can be explained by keeping 
in mind the point of attack of each parasite. For example, E. vermicularis 
produces S 3 Tnptoms by wandering outside the anus and irritating the surrounding 
skin. S. stercoralis and T. trichiura produce irritation of the bowel. A. lum- 
bricoides robs the infected individual of nutrition. In its larval form it invades 
various organs of the body, and the symptoms present depend upon the organs 
invaded. Adult ascarides in the gastrointestinal tract act like movable foreign 
bodies producing mechanical difficulties, or by their perigrinations perforate or . 
invade organs associated with the gastrointestinal tract. The crux of the symp- 
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tomatology of ancylostomiasis lies in the fact that the parasite ingests blood, 
depriving its host of necessary iron. 

Familiarity with the point of attack of each of these parasites made it possible 
in many instances to make a diagnosis of the parasite present in a child before 
his stools were examined. In polyparasitism, the clinical picture was not so 
clear. Although the symptoms and signs could not be analyzed in a simple 
manner, a resemblance to those produced by infection with a single parasite often 
made possible identification of the dominant parasite. 

Ascariasis was often associated with underweight or malnutrition. Under- 
weight was observed occasionally in severe ancylostomiasis but was more frequent 
when ancylostomiasis and ascariasis occurred in the same individual. Among 
the 161 children with polyparasitism were 68 who had ancylostomiasis and 
ascariasis simultaneously. Of these 28 or 41.2 per cent were underweight. In 
massiye infections with T. trichiura, when persistent diarrhea was present, 
underweight was also observed. 

A careful study of the f requencj’’ of convulsions was made. This symptom was 
not observed in ancylostomiasis, strongyloidiasis or trichuriasis. Convulsions 
occurred in 6 children with ascariasis, 2 with oxyuriasis and 3 with polyparasitism, 
a total of 11 or 1.8 per cent of 618 infected with intestinal parasites. These 11 
patients were admitted to the hospital with temperatures ranging from 102 to 
106.4®F. Four had acute suppurative otitis media, 3 had estivoautumnal 
malaria, and the remaining 4 had no apparent disease other than ascariasis. 
Thus, 7 patients had acute infections which offered more tenable explanations foi 
this symptom than did iatestinal parasitism. 

In this study evidence of invasion of the appendix by intestinal parasites was 
meagre. In 1 child, several ascarides entered the peritoneal cavity through a 
perforation in the appendix and resulted in a fatal generalized peritonitis. 

To clarify the r61e of helminthiasis in the etiology of appendicitis, it was con- 
sidered advisable to review all of the appendectomies performed on children dur- 
ing the period covered by this report. A total of 35 consecutive appendixes 
removed from children were studied: Seven contained E. vermicUlaris; none con- 
tained A. Imnbricoides. 

Faust (15) stated that the “worm burden in the average individual infected 
with T. trichiuris is usually low (4 to 12 worms) and the clinical effects com- 
parably slight.” Getz (14) pointed out that although the number of T, trichiura 
harbored by older children or adults maybe small, young children on the Isthmus 
of Panama were more heavily infected. Getz (14) reported 4 children in whom 
1,100, 1,700, 4,100, and 400 parasites were found at autopsy. Usually tri- 
churiasis is a mild disease, but when infection is heavy it may become a serious 
condition. Anemia was not an important feature in 50 children with trichuriasis 
(3). Hovfever, aU of Getz’s patients had anemia and 3 of them had prolonged 
diarrhea. Althou^ he stated that prolonged diarrhea and anemia may eventu- 
ate in cardiac failure and death, he failed to explain the mechanism by which 
anemia developed in massive infection with T. trichiura. 

Examination of the blood in this series of 618 patients demonstrated that there 



IXTESTINAIi HELMINTHIASIS 


513 


■were no characteristic hematologic findings in helminthiasis. Anemia -was com- 
mon in anc3dostomiasis, and occasionallj’’ in severe strongyloidiasis, trichuriasis 
or polyparasitism. Leukocj'te counts were unaffected. The value of eosino- 
philia in the diagnosis of helminthiasis has been stressed repeatedly by many 
observers. In this study, 69 or 11.2 per cent had an eosinophilia of over 4 per 
cent. The frequency with which this condition was obseiw^ed did not warrant 
attaching unusual significance to it. When an ecsinophiUa is noted, a search 
should be made for intestinal parasites; the absence of eosinophilia dees not imply 
the absence of intestinal parasites. 

Trcatvicni — ^Hcxj'lresorcinol was most effective in the treatment of ascariasis, 
but less effective in anc3’lostomiasis. In oxyuriasis, strongyloidiasis and tri- 
churiasis, this drug ma3’ have reduced the number of parasites. WTien combined 
•with the use of a 1:1,000 solution of hcx3'lresorcinol as a retention enema the 
effect was enhanced. Tetrachloroeth3’lene xvas highly effective in the treatment 
of the other helminthic infections. When anc3dostomiasis and ascariasis occurred 
Eimultaneousl3’ in the same child, he.xylresorcinol •was used first, and followed in 
several da3*s with tetrachloroethylene when necessar3L Gentian violet medicinal 
was of definite value in the treatment of ox'3T.iriasis and strong3’lo:diasis, but it 
did not alwa3’s eradicate these infections. Large dcses of gentain \ iolet medicinal 
could not be gii'en frequentl3' because of vomiting. Enemas of infusion of 
quassia chips often relieved the S3Tnptoms of o\'3'uriasis but infrequently elimi- 
nated the parasites. Tlie use of Leche dc higueron orally in trichuriasis w’as 
disappointing. Alore recently, preliminar3’’ trials of this drug as retention 
enemas have 3delded encouraging results. 

In the treatment of anc3*lostomiasis, ascariasis and strongyloidiasis only those 
parasites in the lumen of the gastrointestinal tract can be eliminated. Larvae 
en route to this area are not affected. Stools of patients with migratory larvae 
must be ex'amined at monthl3'- inteiw'als for three months, and treatment ad- 
ministered again if ova or lan'ae are found. Many of the patients returned to 
their original environments -ivhere the likelihood of reinfection was great. How'- 
ever, treatment greatly decreased their burdens of ■worms and gave them a fresh 
start which carried them along until reinfection occurred. As these children 
become older, the3'’ do not seem to become infected so severely and are able to 
withstand infection better than younger children. 

Before treatment can be considered fully successful, at least 2 things must be 
accomplished; first, the burden of worms must be eliminated or appreciably re- 
duced, and second, the individual must be protected against reinfection. The 
first of these has been considered. To accomplish the second, provision must 
be made for the sanitary disposal of human feces. Only by that means can the 
vicious cycle of infection, pollution of soil and reinfection be broken. Preven- 
tion of ancylostomiasis, ascariasis, strongyloidiasis and trichuriasis is an integral 
part of rural sanitation, with proper disposal of feces by means of flush toilets 
or properly constructed latrines. Therapy must be directed not only to the 
patient, but to the source of his infection as ■w'ell. There can be no adequate 
therapy as long as foci of infection remain a constant menace. 
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CONCLHSION8 

TJie common helminthic infections obsen'cd in children living on the Isthmus 
of Pananaa are ascariasis, ancjdostomiasis, trichuriasis, oxyuriasis and strongyloi- 
diasis. 

Patients are seen by physicians primarily for diagnosis and treatment of as- 
sociated unrelated diseases and not because of intestinal parasitism. Hel- 
minthiasis cither causes no serious symptoms, or is productive of symptoms which 
parents ignore or dismiss. 

The clinical features of each infection can be explained by bearing in mind the 
point of attack of each parasite. Familiarity with these features enables the 
physician in some instances to make a diagnosis of what parasite is present before 
the stools ai’e examined. The symptoms and signs observed in children infected 
with more than 1 intestinal pai-asite often bear a strong resemblance to those 
observed in the child infected with a single parasite thus facilitating identifica- 
tion of the dominant parasite. 

There are no hematologic findings characteristic of helminthiasis, although 
eosinophilia occurs in over 11 per cent of the patients. 

Hexylresorcinol is the most elTectivc vermifuge in the treatment of ascariasis. 
Tetrachloroethylene is most effective in ancylostomiasis. None of the drugs 
used seemed completely effective in oxyuriasis, strongjdoidiasis, or trichuriasis. 

Helminthiasis is intimately related to contact with a soil polluted with em- 
bryonated ova. The incidence of infection cannot be materially reduced unless 
contamination of the soil is eliminated. Sanitary disposal of feces is of vital 
importance in any plan directed at prevention of infection of children with in- 
testinal parasites. 
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AN EFFICIENT CONCENTRATION METHOD (AEX) FOR DETECTING 
HELMINTHIC OVA IN FECES (MODIFICATION OF THE 
TELEMANN TECHNIC) 

ELMER H. LOUGHLINi akd NORMAN R. STOLL’ 

TJ . S. Naval Medical Research Unit No. 2 

During the course of a survey for intestinal helminths, it was noted that 95 
per cent of the infections with Ascam lumhricoides which showed only infertile 
(virgin) eggs by dilution counting, were being missed by Lane DCF. Compara- 
tive tests demonstrated that in this respect Willis and zinc sulphate floatation 
as well as the Telemann (with 40 per cent) hydrochloric acid-ether and the de 
Rivas acetic acid-ether concentration methods were similarly unreliable. 

As a result of studies thus initiated a modified Telemaim technic (called AEX) 
was gradually devised which consistently demonstrated infertile A scam eggs. 
It possessed a similar degree of effectiveness for hookworm, fertile Ascam, 
Trichuris, Hymenolepis nana and Schistosoma japonicum ova. 

Our experience so far with AEX (acid-ether-xylol) suggests that by means of it 
one can accomplish the diagnosis of aU types of helminthic infections which show 
eggs in the feces. This rests on the fact that AEX does not on the one hand, 
inherently preclude the demonstration of eggs which carmot float in solutions of 
high specific gravity, and does not on the other cause such loss of eggs from the 
material to be examined as occurs in the Telemann procedme described by 
Mathieson and A. M. Stoll (1945) and by Weller and Dammin (1945). 

Our modification of the acid-ether centrifugation method is designed to 
accomplish certain definite objectives: the original portion of stool specimen 
employed is relatively large and tends to overcome the effect of unequal distribu- 
tion in feces of such eggs as Schistosomal; the initial portion used is measured and 
conaminuted in a known amoimt of water or physiological salt solution; freeing 
of the eggs from the fecal matrix is fostered by allowing the suspension to stand 
several horns or overnight; the amount of fecal mixture taken for diagnosis is 
small, thus producing a small sediment derived from a knovm amount of the 
original fecal specimen; the concentration of hydrochloric acid is one that has a 
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’If the presence of Schistosoma eggs is suspected, choose fecal material from the outer 
surface of the stool. When refrigeration is lacking to store the dilution flasks, hatching 
of miracidia is prevented by using 0.85 per cent solution of sodium chloride instead of water 
for the displacement and comminution phases. 
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specific gravity lower than that of eggs found in feces; the addition of xylol to the 
other reduces the adhesive properties of the fecal coagulum, thus facilitating the 
passage of the eggs through it and likewise prevents foaming on shaking, thereby 
avoiding accidental loss of material from the tube; and the final sediment is 
sufficiently small in amount so that all of it can be examined, thus giving a 
quantitative status to the usual qualitative microscopic findings. 

AEX METHOD 

The steps in AEX are as follows: 

1. Measure 4 ml. (or grams) of feces into a dilution counting flask which has 
been filled to the 56 ml. mark with water. 

2. Add several glass beads (6 mm.), and after giving the preparation an initial 
shaking, set aside for several hours or overniglit (preferabl}’- refrigerate); com- 
plete the comminution of the feces b 3 ' vigorous shaking, so that all the eggs are 
free. 

3. Shake to produce a thorough distribution of the eggs in the fecal suspension 
and transfer immediately 1.5 ml. of the suspension to a 15 ml. pointed centrifuge 
tube. 

4. Add 3.5 ml. of 20 per cent hydrochloric acid,'* put a rubber stopper in the 
tube and shake for one minute; allow to stand for two minutes. 

5. Add 5 ml. of a freshly prepared mixture of equal parts ether and .xjdol and 
again shake for one minute. 

6. Centrifuge at 1800-2000 RPM for two minutes and allow the centrifuge to 
come to a stop gradually without interference. 

7. Separate the semi-floating coagulum from the waUs of the tube with a thin 
wooden applicator. 

8. Decant quickly, permitting the sediment in bottom of tube to remain un- 
disturbed. Then, while holding the tube almost horizontallj’’, clean any adhering 
coagulum from the inside of the tube with an applicator covered with gauze. 

9. Add one drop of 0.1 N solution of sodium hj’^droxide to the sediment, mix 
thoroughlj’’ with a capillary pipette, transfer entire suspension to a glass slide 
and place a coverglass on it. If the density or amount of residue warrant it, 
make two drops of the material and cover each with a coverslip in order to secure 
a preparation which will allow the eggs to be seen easily. We prefer a 1§ x 3 inch 
slide and a 22 x 30 mm. or 25 mm. square coverslip. 

10. Examine the whole preparation for eggs. Those found are from 0.1 
gram of the original fecal specimen. 

Addendum for Egg Counling. At will, or whenever eggs are demonstrated, the 
displacement flask preparation may be prepared for routine dilution egg count- 
ing. In order to secure an approximate decinormal sodium hydroxide suspension 
without appreciably altering the original dilution, one hundredth the volume of 
■ten times normal sodium hi’^droxide® is added. Thus, if 1 .5 ml. has been removed 

*20 ml. of concentrated hydrochloric acid diluted to 100 ml. with distilled water. The 
net concentration of HCl in the centrifuge tube is reduced to 14 per cent. 

‘Prepared by dissolving 40 grams of sodium hydroxide sticks in distilled water q.s.to 
ICO ml. Note that this concentration is caustic. 
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from the 60 ml. suspension, 0.58 ml. of the ten times normal sodium hydroxide is 
added. One can proceed at once with dilution coimting, although we usually 
allow the flask with its contents to stand for an hour after shaking. 

Workers familiar with dilution egg counting will recognize that steps 1 and 2 
are based on the use of the Stoll and Hausheer (1926) displacement flask as a 
means of starting with a relatively large portion of feces, measuring it neatly and 
then pro^'iding ample opportunity for the eggs of the parasites to be released 
from the fecal constituents. Step 3 samples the resulting egg popidation in the 
fecal suspension, the 1.5 ml. employed representing 100 mgm. of the fecal speci- 
men. This use of 0.1 gm. of feces in AEX means that eggs present at a rate of 10 
or more per gram should be demonstrable. We know of no procedure which is 
so consistent in routine practice in producing positive results from fecal speci- 
mens containing so few eggs. 

Step 4 deserves special consideration. Telemann® originally recommended 
concentrated hydrochloric acid in order to accelerate the disintegration of feces. 
It is known to users of the Telemann technic that the tube, after being shaken 
with acid and ether and then being centrifuged, shows four layers: (1) an ether 
supernate resting on (2) a semi-floating plug of coagulum, which in turn rests on 
the surface of (3) the acidj at the bottom of the acid is the (4) sediment which is 
used for examination. In an analysis of low egg yields from the Telemann tech- 
nic used with 40 per cent HCl as compared to dilution egg counts made from 
aliquot portions of the same fecal specimens, we found no eggs in the ether 
supernate; infertile Ascaris eggs were found in the coagulum, however, and both 
hookworm and fertile .dscarfs eggs were abimdant at the interface of the co- 
agulum and acid and in the upper layers of the acid. The presence of eggs in 
the upper part of the acid portion seemed to have only one meaning, namely, 
that the concentration of acid being employed had a higher specific gravity than 
that of the eggs. Accordingly, tests were made to determine what concentra- 
tion of acid best contributed to the functioning of the technic but still had a 
specificgra^’ity lower than 1.050, which is less than the density of the parasitic 
eggs commonly found in feces. H 3 '^drochloric acid of specific gravity 1.030 was 

'During the period we were perfecting AEX we did not have access to the original report 
of Telemann (190S), which recommends placing pea -sized portions of feces from 5 parts of 
the stool in a reagent glass filled with a 1:1 “Gemisch” of ether and pure hydrochloric 
acid. After shaking, this is filtered through a fine sieve, centrifuged for about one minute 
and the sediment examined. Telemann adds in a footnote that in many cases the clarity 
of the preparation can be increased by re-shaking the sediment with the ether-IICl mixture 
or with water and again centrifuging. Weller and Dammin (1945) used the Telemann in 
“routine work” with “a pea-sized fragment of feces emulsified in 5 cc. of 40 per cent HCl 
(40 cc. cone. HCl diluted to 100 cc.); . . . the material was filtered through two layers of 
moist gauze . . . and an equal quantity of ether was added,” etc. In semi-quantitative 
comparisons with a “basic suspension” (feces diluted with an equal volume of physiological 
saline), they used one cc. of basic suspension with 5 cc. of 40 per cent HCl. RIathieson 
and A. M. Stoll (1945) shook 1 gm. samples of feces in “5.0 ml. of appro.ximately 15 per 
cent HCl (40 ml. of cone. HCl made up to 100 ml. with distilled water).” The calculated 
specific gravities of the acid-feces mixtures used are: Telemann's original, about 1.180 
(equivalent to the cone. HCl which is immiscible with ether); Weller and Dammin's “rou- 
tine” modification, 1.070; their semi-quantitative modification, 1.060; RIathieson and 
A. RI. Stoll, 1.070. 
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found best adapted to this result. It is produced by the addition of 3.5 ml. of 
20 per cent hydrochloric acid to the 1.5 ml. of aqueousfecal suspension referred to 
in step 3. When this lower concentration of acid was used it proved to have an 
incidental effect of considerable practical convenience. It had been noticed that, 
in mounting the sediment for microscopic e-vamination from the Telemann 40 
per cent HCl technic, there were frequently present crystals which tended to 
cause the coverglass to lie in a plane not parallel to the slide. The nature of 
these crystals was undetermined, but they were not encountered with the con- 
centration of acid employed in AEX. 

In step 5 by adding and shaking equal parts of xylol and ether instead of ether 
alone, we not only reduced the messy character of the Telemann procedure at 
this point but diminished the adhesive character of the coagulum. Foaming, 
common when ether is used alone, and consequent loss of material from the tube 
were avoided. This happened to have been the first modification of the Tele- 
mann which we undertook. 

The centrifugation intensifies the characteristic layering and leaves the small, 
egg-containing sediment m the bottom of the tube. Wliile we prefer centrifuga- 
tion at 1800-2000 RPM for step 6, the result should be attainable on a steady 
hand centrifuge. Steps 5 and 6 cause the gross debris to come up into the coagu- 
lum. This is one of the highly useful attributes of the Telemann technic, the 
net effect of which is a screening of the material. With the small amount of 
feces used in AEX, this screening effect of the acid-ether-xylol alone is adequate, 
and protects against inevitable loss of ova through added mechanical screening. 
With larger amounts of feces additional screening has been the rule, — a sieve by 
Telemann (1908), gauze by Mathieson and A. M. Stoll (1945) and by Weller and 
Dammin (1945). Both gauze and successive centrifugations in water are used 
in the modification by Faust el al. (1939) of the technic of Lane (1923-24). 

Steps 7 and 8 get rid of the material of no interest to the microscopist. The 
remaining sediment may be taken up unchanged or, as we prefer in step 9, after 
a drop of decinormal sodium hydroxide has been added to neutralize the effect 
of acid fumes on the metal of the microscope. 

PROCEDURE AND MATERIALS USED IN COMPARATIVE STUDIES OP 
THE EFFICACr OF AEX 

Our procedure in the Parasitology Laboratory of NAMRU No. 2 was routinely 
to tube specimens in water in Stoll-Hausheer displacement flat^ks (steps 1 and 2 
above). Before adoption of AEX diagnostically, DCF was regularly performed 
by utilizing 10 ml. of the resulting fecal suspension, equivalent to f gram of the 
original feces. We used a Lane four-bucket hand centrifuge (Turner) and satu- 
rated sodium chloride solution for the floatation fluid. (A test series run with 
zinc sulphate at sp. gr. 1180 did not show advantages over table salt in routine 
DCF.) 

After examination of a Lane cover, the original fecal suspension left in the dis- 
placement flask was made at will into an approximate decinormal sodium hy- 
droxide suspension for dilution egg counting. This was done as noted in “Ad- 
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dendum for Egg Counting” above. The majority of dilution counts were by a 
single small drop, 0.075 ml., representing 5 mgm. of original feces, giving the 
count per gram. 

During the period when AEX was under test, an added 1.5 ml. was withdrawn 
from tlie fecal suspension before adding the sodium hydroxide. Thus AEX, 
DCF and dilution counts were from the same egg suspension. 

'\^^len Telemann examinations with 40 per cent HCl were made, a portion of 
the original stool approximately one gram in amount, was placed in a test tube 
and 5 ml. of the acid (with specific gravity about 1.070) added. This was shaken 
until thoroughlj’’ disintegrated and then filtered through two layers of moist 
gauze into a 15 ml. pointed centrifuge tube. To this was added 5 ml. of ether and 
the tube again shaken. The completion of the technic followed steps 6-10 in- 
clusive above. The amount of sediment usually required two or more coverslip 
preparations for complete examination. Wo are indebted to W. D. Lindquist, 
CPhlNI, for most of these Telemann controls. 

In order to insure objectivit}’- on the tests, the technics were handled independ- 
ently in routine laboratorj' fashion and comparisons made afterward. 

Results on tivo groups of fecal specimens are presented, which illustrate the 
efficacy of AEX. 

1. The first is from a series of 100 consecutively received fecal specimens that 
came to the Parasitologj’’ Laboratory of NAMRU No. 2 for routine examination, 
together with a series of 34 specimens sent in specifically for diagnosis of Schisto- 
soma japonicum. The latter were of special interest to us, having been sent to 
our laboratory from an army hospital where the Telemann technic with 40 per 
cent HCl had revealed only one positive. They were from twenty patients who 
had been diagnosed in the field as having schistosomiasis some two to six months 
previously; fourteen of them had received treatment with fuadin from one to five 
months previously. 

2. Tavo hundred fifty consecutively received fecal specimens from natives of 
Okinawa Avere examined for helminthic ova in the field by means of the AEX 
method and dilution egg counting. A. J. Barger, PhMl/c, and E. Fong, PhMl/c 
who performed these examinations imder the supervision of Lt. Comdr, M. B. 
Franks, MC, USNR, were well trained in parasitolo^cal examinations, but had 
had only a few days practice Avith AEX before departing for Okinawa. 

RESULTS 

Detailed analysis of the efficacy of AEX, Telemann with 40 per cent HCl and 
Lane DCF with one cover, compared to dilution egg count results on specimens 
from Group 1, is given in table 1. AEX proved superior to the others in estab- 
lishing a diagnosis as Avell as in egg recoveries. 

In 18 specimens negative to hookivorm oh one dilution slide AEX revealed 89 
per cent of the infections (sum of positives of three concentration methods) as 
compared to 50 and 39 per cent for the Telemann and DCF methods, respectively; 
in equally light egg-bearing feces AEX showed Trichuris present in 15 specimens, 
while the Telemann and DCF revealed 53 and 73 per cent. 



TABLE 1 

Comparalive efficacy of AEX, Telemann and Lana DCF (one cover) technics in dcmonstraling ova of helminths in feces 
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Considering all the dilution-positive specimens AEX demonstrated on the 
average to | of the expected jdeld of nematode ova. The Telemann technic 
vith 40 per cent HCl jdelded much fewer eggs, averaging only i of the AEX 
recoveries for hookworm, J for Trichuris and for fertile Ascaris (respectively 
I-, and -jV of dilution averages). Single cover Lane DCF, wliile superior to 
the Telemann technic, was likewise much less efiBcient than AEX, revealing an 

TABLE 2 


Routine results by AEX and dilution egg eounting in afield study of S50 feeal specimens from 

Okinawan natives 



1 Ktru- 
1 BER or 
SPECl- 
UEKS 

AVEBACE (aUD BAVCE) OE 

DlLOnOK EPG 

AVEEAGE (and EANGe) OF 

becovebv sv AEX 
expeessed as EPG 

PEH 
CENT 
POSI- 
TIVE 
BY AEX 

Hookworm 

14 

Neg. 

280 (110-1000) 

100 


22 

200 

270 (70-440) 

82 


64 

650 (400-1000) 

450 (40-1000) 

92 


72 

4,200 (1100-63,000) 

* 

100 

Ascaris, fertile 

10 

Neg. 

400 (50-1000) 

100 


5 

200 

296 (140-680) 

100 


8 

600 (400-1000) 

400 (140-680) 

100 


64 

1 

15,300 (1100-80,400) 

* 

100 

Ascaris, infertile 

■1 

Neg. 

400 (60-1000) 



19 

450 (200-1000) 

350 (70-850) 

Bl 


13 

3, COO (1100-8200) 

* 

1 

100 

Trichuris 

20 

Neg. 

120 (30-670) 

100 

1 

15 

200 

ISO (20-670) 

100 


13 

600 (400-1200) 

260 (110-570) 

100 

i 


AEX gave negative results in 9 dilution-positive hookworm and 4 dilution-positive 
infertile Ascans infections averaging, respectively, 400 and 450 eggs per gram of feces. 

* Most specimens in dilution counts of 1100 EPG and over were tabulated as “over 100 
eggs” for AEX, i.e. over 1000 EPG. There were, however, in this group 39 hookworm, 
8 fertile Ascaris and 8 infertile Ascaris specimens counted to completion by virtue of the 
fact that less than 100 eggs were encountered by AEX. In these the net AEX recovery 
rates (compared to average dilution counts on same specimens) were; Hookworm (aver- 
age 2300) 300; fertile Ascaris (average 3400) 510; infertile Ascaris (average 2500) 690. 

average of § of the AEX recoveries for hookworm, -g- for Trichuris and -g- for fertile 
Ascaris (respectively i, ^ and ^ of dilution averages). DCF showed no 
hookworm eggs in 4 of 30 egg count positives and 2 of 14 Trichuris. 

Both Telemann with 40 per cent HCl and DCF gave negative results in in- 
fections showing only infertile Ascaris eggs. AEX, on the other hand, detected 
all the infections showing solely infertile Ascaris eggs and demonstrated -g of the 
ova present by dilution egg count. 

In our limited series of Schistosoma japonicum infections, AEX revealed ova in 
nine dilution-negative specimens in which Telemann (and DCF) were likewise 
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iiGgRtive, Rnd. AEX d.ia,gnos6(i all of tbs ten dilution-positive specimens 'witli a 
demonstration of | of the Schistosoma ova shown present which ranged from 200 
to 1600 EPG. The Telemann with 40 per cent HCl gave only one (uncounted) 
positive, and DCF none. 

In one specimen containing 1000 Hymenolepis nana ova per gram of feces by 
dilution count AEX yielded 130 ova and DCF 8. In a formalin-preserved speci- 
men, 50 Meiagonimus ova per gram of feces were recovered by AEX, while both 
the Telemann and DCF showed none. 

An analysis of the results of the examinations performed in the field is pre- 
sented in table 2. There were 14 hookworm, 10 fertile Ascam, 4 infertile Ascaris 
and 20 Trichuris infections revealed by AEX that were missed by single dilution 
counts. In dilution-positive specimens with egg counts of less than 1100 per 
gram of feces, AEX revealed 90 per cent of the hoolcworm, 103 per cent of the 
fertile Ascaris, 67 per cent of the infertile Ascaris and 100 per cent of the Trichuris 
infections with recoveries of ^ to f of the expected number of ova. The dilution- 
positive specimens with 1100 or more eggs per gram of feces were not completely 
counted in the AEX slides, but all were positive (table 2). 

In one specimen containing 600 Taenia ova per gram by single dilution slide 
AEX demonstrated in excess of 1000. 

Several specimens, not included in the report of the field examination, yielded 
infertile Ascaris ova when examined by AEX. All were previously examined by 
means of the zinc sulphate floatation method at a neighboring hospital with 
negative results. 


DISCUSSION 

Much of the emphasis in improvement of fecal examination methods in the 
last three decades has centered on diagnosis of the intestinal nematodes, with 
special reference to hookworm. Global dispersal of military personnel in World 
War II has brought increased exposure to other helminths as well, and expert 
laboratory diagnosis cannot stop now with technics which fail to detect them 
routinely. It is obvious that the technical approach which depends upon float- 
ing nematode ova in fluids of high specific gravity does not apply equally to 
operculate cestode or trematode ova, and may not to others. Tliis is true 
whether eggs are merely permitted to rise in saturated salt solution (Kofoid and 
Barber, 1918 ; Willis, 1921), or are forced to rise due to the increased gravitational 
field provided by centrifuging them in a strong solution of sodium chloride (Lane, 
1924) or zinc sulphate (Faust et al, 1939) or cupric nitrate (Garcia and Pesigan, 
1940). Lane (1928) remarked that trematode eggs float “only by accident.” 
Moreover, a single floatation procedure has not proved dependable for all the 
nematode eggs. We have noted in this report that infertile Ascaris eggs appear 
only occasionally in DCF preparations, and this parallels an earlier (Stoll, 1929) 
demonstration of poor efficiency of the Willis technic for Ascaris eggs. 

Scott (1937) has pointed out that in diagnosis of Schistosoma mansoni infections 
the dilution counting method (Stoll, 1923) has a place, but patently it will have 
diagnostic value only when the trematode egg concentration in the feces is 100 or 
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200 eggs per gram. Weller and Dammin (1945) and IMathieson and Alice M. 
Stoll (1945) have recentlj' called attention to the value for jSc/«sfoso77wdiagnosis 
of Telemann’s" concentration technic, which continental European workers have 
long recognized. It seemed to the present authors that with the messy char- 
acteristics of the Telemann improved, the specific gravity of the acid lowered, 
and with the quantity of material to be c.\amincd on the slide decreased, this 
technic could serve as an all-purpose diagnostic procedure when parasitic eggs 
were present in the feces in smaller numbers than dilution counting routinely 
detected. As already indicated AEX accomplishes this, and permits later dilu- 
tion counting of the original fecal mixture at option when the eggs present are 
numerous. 

From the standpoint of diagnosis it is clear that when eggs are numerous even 
a simple smear technic will reveal them (Hausheer and Herrick, 192G). "When 
eggs are few the fiist hazard any diagnostic technic encounters is whether they 
are set free from tlie fecal constituents so that they will later be demonstrable. 
Hydrochloric acid is a superior reagent in this respect, and Telemann deserv^es 
credit for introducing it for such purpose. The high specific gravity of the strong 
HCl he recommended had the effect, however, of causing eggs to be lost by their 
rising out cf the sediment in the bottom of the tube, which the microscopist 
eventually examined. It seems to us that the lower specific gravity of the 5 per 
cent acetic acid which de Rivas (192S) substituted in Telemann’s procedure was 
e.‘5sentially responsible for the increased egg yields which de Rivas demonstrated, 
inasmuch as acetic acid is a poorer comminuting agent than HCl. 

With AEX,’ hydrochloric acid of sufficient dilution is utilized so that its low 
specific gravity docs not cause loss of eggs from the sediment, and yet it is strong 
enough to contribute to effective freeing of eggs from the fecal material derived 
from the displacement flask. Tliis resulting egg enrichment of the sediment in 
AEX has permitted us to greatly decrease the total amount of original fecal mix- 
ture with which we deal, and thus still further decrease the amount of fecal debris 
to be screened from the eggs by acid-ether-xylol-, this in turn decreases the actual 
amount cf sediment to be examined by the microscopist. Our conclusion, in 
brief, is that an excellent opportunity to demonstrate the ova present in an ali- 
quot of 100 mgm. of an original fecal sample of 4 grams represents a more favor- 

^■R’eller end Dammin table the percentage recovery of Schistosoma mansoni eggs from 24 
“basic suspensions” of feces which contained 433 to 2133 eggs per cc. by dilution count. 
Their acid-ether rculine with basic suspension, in which the entire sediment was examined, 
had an average recovery of 20 per cent of the eggs; when the sediment obtained by centrifug- 
ing was dispersed in the final cc. of acid in the tube and aliquot portions e.xamincd (referred 
to as acid-ether semi-quantitative test), there was an average recovery of 48 per cent of the 
eggs; this indicated that in “routine” the sediment was too heavy for effective microscopy. 
ZnSO, “loop removal” averaged 5 per cent recovery, with 2 diagnoses missed; ZnSO, “mul- 
tiple coverslip” averaged 23 per cent recovery from 3 supernatant coverslips per tube (of 
the missing <7 per cent of ova, 30 per cent were demonstrable in the sediment, 38 per cent 
unaccounted for). Mathicson and A. M. Stoll compared yields of S. japonicum ova in 
deg feces by five technics performed in parallel, and demonstrated a total of 567 eggs by 
acid-ether, 120 by sedimentation, 25 by smear, 6 by miracidial hatching, and 2 by zinc 
sulphate loop removal. 
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able technical approach than a poor or even a good opportimity to demonstrate 
the ova derived from working with a fecal bolus 500 or 1000 mgm. from which the 
eggs are less completely freed. This obtains with all species of parasite eggs 
found in feces. 


SUMMARY 

1 . A modification of the Telemann hydrochloric acid-ether technic is presented, 
in which hydrochloric acid with a specific gravity of 1.030 and a mixture of equal 
parts of ether and xylol, are employed. We refer to this modification as AEX. 

2. The use of hydrochloric acid with a specific gravity of 1.030 provides satis- 
factory acid disintegration of the feces and permits ova of all species to be easily 
sedimented by centrifugation. 

3. The addition of the xylol diminishes the adhesive properties of the coagulum 
of the fecal debris and prevents foaming common to the use of ether alone. 

4. AEX was found to be far superior to both the Telemann and Lane DCF 
technics in both diagnosis and in egg recovery rates in infections showing hook- 
worm, fertile Ascaris and Triclmris ova, while in infections sho'iving Schistosoma 
or infertile Ascaris ova AEX was the only procedure which consistently demon- 
strated them. Diagnostically, all species of parasite eggs occurring in feces 
should be readily foimd by AEX. 

5. In a helminthic survey made under field conditions AEX has proved a reli- 
able diagnostic procedure. 
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OPPORTUNITIES FOR TRAINING AND RESEARCH IN TROPICAL 
MEDICINE AND PUBLIC HEALTH IN MEXICO 

E. HAEOLD HINMAN* and MANUEL MARTiNEZ BAEZ 
INTRODUCTION 

The medical specialties of Tropical Medicine and Public Health have made 
rapid strides in the current century. The present global conflict has greatly 
increased the interest in these subjects particularly in those countries in which 
movement of troops from temperate or semitropical countries has occurred to 
strictly tropical areas. However, the lack of medical personnel vnth experience 
or training in tropical medicine and tropical public health has presented a serious 
problem to military strategists. 

Rirfhermore m the future world, if the terrible lesson of the present war is to 
be profitable and if the enormous sacrifice of these years has not been useless, 
there will appear a new attitude which will not admit inferiority of the inhab- 
itants of tropical zones but voll search for the means of creating better living 
conditions for these individuals and therefore will face the prodigious problems 
which tropical diseases present. 

Mexico is located between 15° and 32° North latitude but ovdng to the moun- 
tainous nature of its central area there is great variability in climate with altitude 
detemuning this rather than latitude. The great area and rugged nature have 
resulted in a lack in development of transportation in certain localities so that 
todaj’ some areas remain more or less isolated and have slight interchange of 
population with adjoining communities. 

With the enactment of the present Constitution in Mexico in 1917, public 
health became an autonomous institution, a part of the executive division 
of the Federal Government. In 1943 the Departamento de Salubridad Pdblica 
through fusion with the Secretaria de la Asistencia Publica, became the Se- 
cretar'a de Salubridad y Asistencia. The Secretario is a member of the Presi- 
dential Cabinet. A table of organization appears on page 530. 

Mexico has been steadil 3 '^ increasing its appropriations for the Federal Health 
Department so that in 1942 there was 4.35 per cent of the Federal Budget 
available, exclusive of state funds (Quinones, 1943), for strictly public health 
actirities. The staff comprises individuals with both national and international 
training. A considerable proportion of the technical personnel have been trained 
in the United States and others in Exxrope. Bilingualism is characteristic. 

*Late Chief of Partj’', Health and Sanitation Division, Institute of Inter-American 
Affairs, now at Malaria Control Division, Health and Safety Department, Tennessee Valley 
Authority, Wilson Dam, Alabama and Subsecretario de Salubridad y Assistencia (Deputy 
Minister of Health and Welfare), Mexico, respectively. 

Read at the Forty-first Annual Meeting of the American Society of Tropical Medicine, 
at Cincinnati, Ohio. November 12-15, 1945. 
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TROPICAL MEDICINE IN MEXICO 

Institute of Tropical Medicine 

The Institute de Salubridad y Enfermedades Tropicales is the center foi 
research in tropical medicine. It is composed of 12 laboratories and a small 
research hospital with a capacity of 36 beds. The Institute publishes its own 
Revista del Institute de Salubridad y Enfermedades Tropicales. Briefly the 
present program may be summarized as follows: 

In the laboratory of EpidemioIogy*and biostatistics studies are in progress on 
simultaneous immunization against diphtheria and whooping cough, testing 
of the Kendiick pertussis vaccine and the etiology of infantile diarrheas. In the 
laboratory of Mycology studies are under way on allergy produced by funp, 
the use of Penicillin, sulfanilanudes and other drugs in mycotic diseases. Special 
attention is given to mycetoma, blastomycosis and actinomycosis. In the 
laboratory of helminthology investigations on Trichina, Taenia, Oxyuris, cys- 
ticercosis and Onchocerca are being conducted. 

The laboratory of pharmacology is studying the influence of Aloxan on hy- 
perglycemia and the utilization of sulfamerazine. In the Salmonella and v^s 
laboratory infantile diarrheas and typhus are under investigation. Various 
strains of Salmonella and Shigella are under study. The laboratory of anatomi- 
cal patholog 3 ^ is studying pathological reactions to various tropical diseases 
with special reference to onchocerciasis, pinta, mycotic infections, parasitosis 
of the human appendix and dermatosis. The laboratory of bacteriology and 
immunology is devoting particular attention to an alum precipitated vaccine 
and curative properties of various sera in typhoid. The laboratory of proto- 
zoology is investigating various strains of human and avian malaria, cutaneous 
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Icislimaniasis and intestinal protozoa. The laboratory of entomology studies 
arthropods wliich arc vectors of malaria, Onchocerca, Leishmaniasis and various 
ticks. The laboratorj’- of experimental therapeutics in cooperation ndth the 
clinical section, is investigating the therapeutic action of various new drugs in 
tropical diseases and the blood and urine levels of these drugs. The chemistry 
laboratorj- is conducting studies on idtamin C, sulfanilamide derivatives and 
D.D.T. insecticide. The typhus laboratory is investigating rapid diagnosis of 
various strains, a therapeutic senim, cultivation of the rickettsiae and has iso- 
lated a strain of Rocky Mountain spotted fever. 

A well equipped hospital occupies the floor immediately above the laboratories 
of the Instituto for the hospitalization of interesting cases. These are fre- 
quentlj* transported from distant points in hicxico. Tliis proiddes the op- 
portunity for continuous detailed clinical obsen'ation of cases of diseases being 
studied by the Institute staff. As field stations there are available three distinct 
centers of investigation for use of the Instituto de Salubridad y Enfermedades 
Tropicalos, namely Huixtla Onchocerca Center, Arcclia Pinta Center and Boca 
del Rfo, each of which will be discussed separately. 

Onchocerca Invcsligalions 

In 1942 there was opened a 50 bed hospital for Onchocerca cases in Hubctla, 
Chiapas. This city is located on the Ferrocarriles Nacionales at a distance of 
48 kilometers from Tapachula, which is proiddcd with an excellent airport uith 
stops on the International flight of Pan American Airu’ays and regular service 
b}’- Compahfa Mexicana de Aviaci6n, Huixtla has an altitude of less than 50 
meters above sea level. It is located just on the outer fringe of the endemic 
zone but within 1 kilometer of the hospital on the Pacific slope of adjoining 
mountains, devoted to cultivation of coffee where numerous cases of onchocer- 
ciasis are found. 

The Secretarfa de Salubridad y Asistencia in addition to hospitalizing the 
more serious c-ases for treatment has several brigades which go into the field, 
chieflj’’ to idllages and coffee fincas. Each brigade includes a doctor, nurse and 
various aides. Excision of nodules under local anaesthesia is practiced in 
these ambulatorj’" clinics. The Huixtla hospital for onchocercosis also proiddes 
a special outpatient- clinic for parasitosis in general . The strictly tropical climate 
of the to-uTi (population 8,000) is conducive to a high incidence of intestinal 
parasitic infections. 'An excellent laboratory forms a part of the Hospital. 

The hot, rain 3 ’’ season in Huixtla is from April to September inclusive and 
visits to the area are more pleasant during the balance of the year. A guest 
house on the hospital grounds has just been completed and will provide lodging 
for official idsitors. 

During the past two j^ears the Pan American Sanitary Bureau, with financial 
assistance from the Institute of Inter-American Affairs (Office of Inter-American 
Affairs) has been cooperating with the Secretarfa de Salubridad y Asistencia in 
an active research program looking toward the control of onchocercosis. 
The parasitological, entomological, pathological, epidemiological and therapeutic 
features of the disease are under investigation. 
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Pinta 

Pinta has been the object of investigation for many years in Mexico where the 
disease is m'despread and of frequent occurrence. It is estimated that there are 
300,000 cases in the country. The disfiguration is sufficient to lead to active 
cooperation on the part of the sufferers. In 1943 there was opened in Arcelia, 
Gro. a center for the investigation of Pinta. This is located at a distance of 
340 kilometers from Mexico City. The highway is paved to Iguala and the 
intervening distance from Iguala to Arcelia (140 kilometers) is an improved all 
weather road. 

, The center includes a recently constructed civil hospital of approximately 
60 beds Avith dispensary. In addition to study, either clinical or laboratory, 
at Arcelia, cases are transported to the Institute de Salubridad y Enfermedades 
Tropicales in Mexico for investigation. Active studies on pathology, therapy 
and epidemiology of the disease are in progress. 

Boca del Rio Health Center and Tropical Medicine Training Station 

In September 1944 the Secretaria de Salubridad y Asistencia, through the 
Direccidn de Cooperacibn Interamericana de Salubridad Pfiblica initiated the 
constimction of a Health Center and Tropical Medicine Training Station at Boca 
del Rio, Ver. The building is located on the outskirts of Boca del Rio, a toAvn of 
lj500 population. It fronts on the Highway from Veracruz to Cbrdoba at a 
distance of 12 kilometers from the former city and the rear of the building com- 
mands an excellent view of the Gulf of Mejdco. Two railroads connect Mexico 
City and Veracruz, and one of them has a station in Boca del Rio. The Veracruz 
airport (vdth international and local service) is approximately 6 kilometers 
distant from the Training Station. 

The commiinity of Boca del Rio is engaged principally in two activities, 
fishing and agriculture. The river entering the Gulf at this point is the means 
of transportation for a considerable agricultural area adjoining and furnishes the 
only contact with the outside. 

Veracruz is a modern city of approximately 75,000 population provided with 
an excellent port and is one of the most important trading centers in Mexico. 
At present there is under construction a modern hospital of 500 beds. A well 
organized full-time health center is adjacent. The facilities of these institutions 
are available to students of the Boca del Rio Training Station. 

The Boca del Rio Health Center and Tropical Medicine Training Station 
consists of a tAvo-story building having a frontage of over 36 meters and tAvo 
wings extending each for 20.5 meters. Only the central portion has tAAm stories 
at present. A complete health center including dental serAuce avUI be provided 
for the serAuce of the local community. Additional examining and treatment 
rooms and laboratory space are provided for the students. Two hospital Avards 
of 5 beds each and a smaller one of 2 beds are included. Lhing quarters for 
resident director and nurse are provided. These facilities together AAith dining 
room (capacity 24), kitchen, pantry, laundry, garage, Avaiting room, comprise 
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the first floor. The second story includes dormitory space for 20 students’ 
library-class room and recreation room. The entire second story corridor is 
enclosed by copper screening as ivcll as all doors and windows in the structure. 
The two wings on the second story will provide additional recreational space 
for trainees and opportunity for subsequent expansion. 

The station in general provides tlirce distinct types of service. Tirst a full- 
time health center for the community. Hospitalization of ordinary cases ■will 
not occur — they can be pro\nded for in Veracruz. In the second place the center 
will act as a field research station for the Instituto de Salubridad y Enfermedades 
Tropicalcs. The personnel of the latter may spend varying periods for in- 
vestigation in residence at Boca del Bfo and if desirable use the entire facilities 
of the hospital for their temporary studies. Finally the structure is intended as 
a Tropical Medicine Field Training Station. It is available for the clinical 
field training of doctors interested in tropical medicine from Mexico, United 
States or Latin America. It is assumed that such students have already re- 
ceived basic training in both laboratory' and clinical tropical medicine before 
coming to Boca del Rio. Here they ivould have the opportunity to study trop- 
ical medicine under strictly tropical conditions, to make field (epidemiological) 
investigations tracing the patient’s disease to the point of origin. 

Nnlrilioiml Slxidics 

For several years the Sccretarla de Salubridad y Asistencia has recognized 
nutritional defects as one of the principal public health problems in Mexico, 
Serious investigations have been continuously in progress both in the laboratory 
and clinical fields. Assistance has been rendered tlnough the cooperation of 
the Rockefeller Foundation and the Kellogg Foundation. In ordei to coordinate 
present actmties and expand certain of them the Instituto de Nutricidn -a^as 
established in 1943. A new headquarters and laboratory building wall be com- 
pleted and ready for occupancy early in 194G. 

Briefly the program includes the following: a study of the cost of diets from 
a group of 340 families in a poor ward of Mexico City, a clinical and laboratory^ 
examination of nutritional status of school children; blood level of vitamins; 
analysis of various typical Mexican foods, dietary standards for various age 
groups and occupations; the preparation and collection of a variety of recipes 
utilizing such common foods as beans and com. 

The Kellogg Foundation with the cooperation of Massachusetts Institute of 
Technology has been assisting the Secretarla de Salubridad y Asistencia through 
the training of personnel, the obtaining of equipment and initiation of analysis 
of local available foods. A special project has been the attempt to de'vise a 
supplementary low cost meal for school children. 

The Hospital for Nutritional Diseases, Avith approximately 100 hospital beds, 
was terminated in 1945. Complete laboratory, autopsy, laundry and kitchen 
facilities are pro'vdded in addition to the hospital and outpatient dispensary 
serAoces. This unit affords ideal conditions for clinical studies on nutritional 
deficiencies. 
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Malaria and Other Parasitic Infections 

The administrative responsibility for the execution of control of malaria and 
other parasitic infections is in the Oficina de la Campana contra el Paludismo, 
la Oncocercosis y otras Parasitosis, of the Direccidn de Epidemiologia. Through 
the sale of required stamps on all mail, funds are available to the Secretaria 
for the exclusive use in work for the permanent elimination of anopheline breeding 
places. Particular attention has been pven to drainage and to intermittent 
irrigation for the control of Anopheles pseudopunctipennis in the rice fields. 
Technical assistance in malaria control has been rendered by the Rockefeller 
Foundation. 

Hookworm and other intestinal parasites have constituted a serious menace to 
the population of Mexico. Many areas still have a high incidence. Practically 
all Health Centers scattered throughout the Republic have special outpatient 
clinics devoted to the treatment of parasitosis. 

Typhus 

T 3 'phus, both of the old world (classical) and new world (murine) form is 
present in Mexico. A special Mexican T 5 q)hus Commission has been established 
and a broad research program is under way. This includes clinical studies, 
laboratory diagnostic procedures, control of lice, etc. Excellent opportunities 
are thus available for special investigations of this disease. A tjqjhus laboratory 
is located in the General Hospital. 

Leprosy 

Leprosy constitutes an important public health problem since approximately 
8,000 cases are estimated to occur in Mexico. A comparatively new leprosarium 
with capacity for 400 lepers is located at a distance of 30 kilometers from Mexico 
City. In addition a dispensary is situated in Mexico, D. F., which affords 
further opportunity for investigation. The anti-leprosy program forms an 
important activity of the Direccion de Epidemiologia. 

Other laboratories and institutions 

The Laboratorio Central of the Secretaria provides the central diagnostic 
facilities for the country. The Institute de Higiene prepares vaccines and 
other biologicals. The Secretaria also is in charge of aU Federal Hospitals and 
similar institutiopg. To mention onlj'^ a few of interest in the field of tropical 
medicine: Hospital del Nino (Children’s- Hospital), Hospital General, Hospital 
Morelos (venereal disease). National Leprosarium, various tuberculosis sana- 
toria, etc. The active utilization of all of these institutions is readily available 
for students of tropical medicine. 

PUBLIC HEALTH TRAINING AND ACTIVITIES IN MEXICO 

Escuela de Salubridad e Higiene 

The School of Hygiene was established in 1924 in Mexico City for the in- 
service training of public health personnel, principally physicians with some 
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courses for nursss and sanitary inspectors. A new building was completed in 
1939 which also houses the Institute dc Salubridad y Enfermedades Tropicales. 
A large auditorium with seating capacitj’' of 200, three lecture rooms, five lab- 
oratories, library', lounging rooms, etc. are available. 

The course for public health officers has recently been extended to include 
40 weeks, divided into four quarters of 10 weeks each, of which the last quarter is 
entirely devoted to field training in the health centers. The course begins the 
latter part of Februar^^ Facilities at present are available for 40 students but 
this number could easily be augmented. l!\Tiile the School was founded for the 
training of hle>dcan personnel it offers decided advantages for latin american 
physicians — similarity of problems, emdronment, econonuc resources and lan- 
guage. Such students are welcomed on the same basis as nationals. The 
integration of this course with the Health Centers used as training stations will 
be discussed below. 

Particular emphasis is given to laboratory" training in bacteriology, parasitol- 
ogy and biochemistry. Epidemiology’, biostatistics, communicable disease 
control, public health administration and sanitary engineering are also stressed. 
The faculty" is composed of full time professors, investigators of the Institute 
de Salubridad y Enfermedades Tropicales and other personnel of the Secretarfa de 
Salubridad y’ Asistencia. A gradually’ increasing proportion of the faculty" are 
on a full time basis. 

At inter\’als shorter courses arc given for health officers unable to take the 
longer course. Courses of tliree months duration are given to public health 
nurses who are graduates of an acceptable nursing school. Sanitary inspectors 
are also given courses of three months instruction. 

Training Stations 

A number of the best Health Centers in the country" are utilized as training 
stations for personnel of the Secretarfa de Salubridad y Asistencia. One of 
these, Tacuba Centro de Higiene y Estacidn de Adiestramiento, is located 
immediately" adjoining the building housing the School of Hygiene and the 
Institute of Tropical Medicine. This institution p^o^^des health ser\’ice for a 
re^on of the Federal District containing approximately" 28,000 population, of 
one of the less wealthy’ parts of the Capital. It has visiting nurses as well as 
outpatient dispensaries, dental ser\"ice, etc. pro^’idiDg a similar care of the 
people that the Eastern Health District of Baltimore, Md. does. Another 
training center is available in Cuernavaca, Mor., a distance of 75 kilometers 
frem the Capital. Others are scattered throughout the country. Varying 
numbers of physicians, nurses or sanitary inspectors are sent to these centers 
at any one time for training. 

On a similar scale the “basic” training centers furnish a like serv"ice. Shortly, 
eight of these will be in operation throughout the country. Usually" they" are 
located in smaller cities and receive three physicians, three nurses and three 
sanitation officers for a period of two months. These trainees are considered as 
apprentices who “learn by" doing” and if after demonstration, in their own 
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health center, of ability may be selected for the longer course at the School of 
Hygiene in Mexico. 

In the health center and training station program the Secretarla has received 
the collaboration of the Rockefeller Foundation. 

Direccion de Salubridad y Asistencia en los Estados y Territorios 

The diAusion of the Secretarla ha^dng responsibilit}'- for administration of the 
Health and Welfare program throughout the country’ has the above name. 
Its actmties are coordinated in the headquarters olEce in Mexico City but the 
work is decenti’alized into regional offices in each of the state capitals. The 
state and Federal Government jointly contribute finances for its operation. 
This Division provides the mechanism for utilization of any health activity 
throughout Mexico for the purpose of training or investigation by an}’’ agency 
such as the School of Hygiene, Institute of Tropical Medicine, etc. 

Direccion de Coopcraoion Interamericana de Salubridad Publica 

} 

In 1943 there was established as an integral part of the Secretarla de Salubri- 
dad y Asistencia a cooperative inter-American public health ser\dce knovTi as 
the Direccion de Cooperacion Interamericana de Salubridad Publica. It is 
jointly financed bj^ the Secretarla de Salubridad y Asistencia and the Institute of 
Inter-American Affairs (Office of Inter-American Affairs). It also receives 
personnel and sendees from the two institutions. 

This program has devoted principal attention to construction of Public. Water 
Supplies and Sewerage Systems in smaller cities, and health center buildings. 
It has also supported other types of Public Health Acti-vdties. In 1942 the Pan 
American Sanitary Bureau vdth financial support from the Office of the Co- 
ordinator of Inter-American Affairs, collaborated with the Secretarla de Salu- 
bridad .y Asistencia in the initiation of a venereal disease control program along 
the northern border of Mexico. Subsequently . a demonstration and training 
venereal disease control center was established in Mexico City. The continued 
operation of these projects is being financed by the Secretarla de Salubridad y 
Asistencia and the Direccion de Cooperacion Interamericana de Salubridad 
Publica. Similarty a demonstration tuberculosis control program is being 
initiated along the northern border of Mexico. Certain projects for expansion 
of actmties in the School of H^’^giene and for research in the Institute of Tropical 
Medicine are being supported bj'’ the Direccion de Cooperacion Interamericana 
de Salubridad Publica, and also in Pinta and Onchocerciasis. Training of 
personnel is of primarj’- concern. 

Other Aclivilies of Secretarla 

Space does not permit a summary of aU the activities of the Secretarla de 
Salubridad y Asistencia, which provide opportunities for training and research 
in tropical medicine and public health. Mention must be made of the program 
of maternal and child hj’-giene which is a part of every health center activity. 
Also a very ambitious program for the control of tuberculosis is imder way. 
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Within a few months three additional modem sanatoria will be in service. 
Considerable attention is being devoted to the problem of health education. 

Availability of Facilities to other Countries 

Mexico, through its Secretaria de Salubridad y Asistencia, is happy to make 
available her facilities for training and research to students or investigators of 
other countries. She will be pleased to share her experience in public health 
or tropical medicine vith others and vdll hope to gain suggestions and new ideas 
thereby. In the post war period the return of millions of soldiers from tropical 
service to temperate or semitemperate climates constitutes a problem of the 
first magnitude in tropical medicine and in public health. The study of these 
problems in their native emdronment should prove helpful. 

SUMMARY 

The present war has focused attention upon Tropical Medicine and Tropical 
Public Health. The Secretaria de Salubridad y Asistencia of Mexico provides 
unusual opportunities for training and research in these specialities. The 
Institute de Salubridad y Enfermedades Tropicales is the research center in 
tropical medicine. Field stations for the studj'- of onchocerciasis exist in Hubctla, 
Chis.; for pinta at Arcelia, Gro., and for general tropical medicine in Boca del 
Eio, Ver. A broad program in nutrition centers around the Institute de Nu- 
tricidn, and the Hospital for Nutritional Diseases. The control of malaria and 
other parasitic infections is recehdng intensive attention, as well as typhus, 
pinta, and leprosy. Other laboratory facilities exist in the Laboratorio Central 
and Institute de Higiene, as well as clinical facilities in her many hospitals. 

The Escuela de Salubridad e Higiene offers a complete course of instruction for 
Public Health Physicians, nurses and sanitary inspectors, including field work. 
Several weU organized Health Centers seiwe as training stations for Public 
Health Personnel. Opportunities are available for specialized training as for 
example maternal and child hygiene, tuberculosis or venereal disease control. 

While these facilities were organized primarily for the training of Mexican 
personnel, they are at the disposition of other countries. Many of the staff 
of the Secretaria de Salubridad y Asistencia are bilingual. 
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HEAT HASH AS A PROBLEM IN THE NAVAL SER^TCE* 
GERALD J. DUFFls’ER* 

Naval Medical Ilcscarch Insiititlc Nolionol Naval Medical Center Beiheeda, Maryland 

Heat rash, also kIlo^\'n as prickly heat, miliaria rubra and Lichen tropicus, is a 
problem of little concern in civil medical practice. While the Pacific fieet was 
operating in tropical waters, however, this condition consumed a good deal of a 
medical officer’s time aboard these ships. The cause of miliaria in the naval 
serv'ice is excessive heat. The equipment installed aboard men-of-war for pur- 
poses of ventilation is placed there at the expense, in terms of tonnage, of military 
equipment. It is, therefore, not practical to have ideal air conditions in ships' 
living spaces. With mechanical ventilation of the tjqje currently employed, the 
compartment air is cooled hy dilution with weather air. Tlie air temperature of 
a space aboard ship is never equal to that “topside.” The drj* bulb temperature 
below decks is always 7 to 10 degrees F. above that of the weather temperature. 
During fleet operations in the Pacific war, ships were forced to spend long periods 
at General Quarters at wliich time no ventilation equipment was in operation. 
At sunset ships were darkened and at this time all weather accesses were closed. 
Tlicse tactical necessities contributed greatly to the heat load developed in living 
and working spaces. On a modern well ventilated battleship 70 per cent of the 
crew were sleeping in spaces in which the temperatures were sufficiently high to 
produce heat rash. 

The pricking, burning and itching of the skin which accompanies this condition 
causes insomnia and is deleterious to the ship’s companj’’ morale and efficiency. 
The modem “blue jacket” cannot be expected to accept a disability merely as a 
hardship of sea going life. A considerable number of man hours arc lost to the 
service when men report several limes daily to the sick bay to Iiavc lotions applied 
to their itching skins. On one ship an average of 135 of the crew, numbering 
2700, answered sick call daily. Approximately 40 per cent of those seen at sick 
call complained of heat rash. Heat rash and its complication.': repre.':cntod 37.4 
per cent of the skin cases seen at a medical activity on Guam. 

hicdical officers in the Na\’y linvc long been interested in the adverse ofTccts of 
exposure to heat. In several recent experiments at the Naval Mcdic.al Research 
Institute, heat rash was sludictl as one of these cfTects. 

In tlie first of these experiments ten volunteers dcsignatc<l .as the “Hot Group” 
were selected at random as subjects to live under conditions simulating those 
aboard ship in the tropics. This group worked seven hours per day in a room 
maintained at 10S°F. dry bulb .nnd SST. wet bulb, .an cfTcctive tempenature of 
D0°, and spent the remaining 17 hours of the day in another room mainU'unod 

•Rc.Td nt til'* Annual Meeting of (he Am'^ricar. S(5ciety of Tropica! Mediti.i'*. rst Cindn- 
nnli, Ohio, XovernlK-r Hth, 1DJ5. 

The material in tl-.is nrticle phould Ik; conr'.nicd only r.s (he p»erf'r.al epir.:'*.’; of th" 
fttid not as rcjircF''nting the opinions cf the Xr.vy Dryarln'cnt crr.rir.lly. 

*Lt. G'rmanndcr, (MC), I'.SN*. 
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at 95°F . dry bulb and 83°F. wet bulb, an effective temperature of 87°. The work 
for each man consisted of walking on a treadmill. A similar group of ten volun- 
teers known as the “Cool Group” was selected, for the second part of the experi- 
ment. They likewise worked seven hours a day in the hot treadmill room, but 
the remaining 17 homs were spent in an environment of 85°F. dry bulb and 
7l°F. wet bulb, an effective temperature of 78°. Each group continued its re- 
spective program for ten days without interruption. 

All the subjects in the “Hot Group” developed heat rash, an average of 39 per 
cent of the skin surface of each subject being involved. Half of the subjects in 
this group complained that they were unable to sleep due to the discomfort pro- 
duced by the rash. Only one subject in the "Cool Group” developed heat rash 
and in that case only 15 per cent of the body surface was involved. 

Twelve seamen, all 18 years of age, volunteered for the second experiment. 
One group was again designated the “Hot Group” and the other the “Cool 
Group.” The inen wore shorts throughout the experiment. Three psychro- 
metric rooms were used in the experiment. One was designated the “hot quar- 
ters,” one the “cool quarters,” and the third the treadmill room. AU three 
psychrometric rooms were set at 80°F. dry bulb and 70°F. wet bulb, when the 
experiment was started. This cool condition was maintained for the first eight 
days. On the morning of the ninth day the temperature in the hot quarters was 
elevated to 90° dry bulb and 85° wet bulb, an effective temperature of 85°, and 
the treatmill room was elevated to 108° dry bulb and 83° wet bulb, an effective 
temperature of 90°. The cool quarters were continued at 80° dry bulb and 70° 
wet bulb. The “Hot Group” spent three hours a day in the treadmill room and 
the remaining 21 hours in the hot quarters. The “Cool Group” spent three 
hours a day in the treadmill room, nine hours a day in the hot quarters and the 
remaining 12 hours in the cool quarters. These conditions were continued for 
30 days. » 

All but one subject in the hot group developed miliaria. The rash appeared 
as early as the third day of residence in the hot atmosphere. The rash spread 
rapidly and reached maximum severity on the ninth to thirteenth day. The cool 
group, it can be seen, was spared this ordeal. Lowering of the temperature at 
the conclusion of the experiment was accompanied by a complete regression of the 
rash. 

The obvious conclusion that can be drawn from these experiments is that 
spending as little as 12 hours a day in an atmosphere in which one does not sweat 
at rest (78° effective) will prevent the occurrence of miliaria. 

Fm'ther studies in this field were carried out. The findings in these experi- 
ments are as yet unpublished. The subjects were exposed continuously to an 
effective temperature of 89.6°, 97.8° dry bulb and 86° wet bulb in these experi- 
ments. The erythematous papular and papulo-vesicular rash appeared sud- 
denly on the third day of the experiment. 

The investigators found that there was no correlation between the pH of the 
sweat, sv^eating rates or complexion and the incidence or severity of heat rash. 
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Formalin electro-phoresis, taking or abstaining from shower baths and pressure 
bandages over certain areas did not affect the course of the disease. 

Exposure to ultraviolet radiation was found to ameliorate the symptoms in 
some cases of miliaria but in others increased its severity. The conditions ac- 
counting for this discrepancy are not clearly understood. 

The pathological changes found by biopsy in one case of experimentally pro- 
duced heat rash were as follows: (1) The epidermis of the heat rash area is hyper- 
plastic, (2) a blister forms in the stratum lucidum and is unrelated to the sweat 
gland or hair follicles and (3) the dermis is edamatous and gives every indication 
of a dermatitis. Some of the inflammatory cells infiltrate the epidermis. 

Heat rash represents a serious problem aboard ship in tropical waters. It can 
be prevented by short periods of cooling. During this war certain critical spaces 
such as sick bays, have been air cooled. The U. S. Navy is the only one cf the 
world’s navies that has taken steps to protect men frcm hot environments aboard 
its ships, 

BIBLIOGEAPHY 

1. Pace, N., White, W. A., Jr., Fisher, M. B., and Birren, J. E. 1943 The effect of cool 

quarters on efficiency and performance of naval personnel working in hot spaces. 
Research Project X-205, Report No. 1, Naval Medical Research Institute. 

2. Pace, N., Fisher, M. B., Birren, J, E., Pitts, G. C., White, W. A., Jr., Consolazio, 

W. V., AND Pecora, L. j. 1945 A comparative study of the effect on men of con- 
tinuous versus intermittent exposure to a tropical environment. Project X-205, Report 
No. 1, Naval Medical Research Institute. 

3. Blum, H. F., Gersh, I., and Spealman, C. R. 1945 Studies of experimental heat 

rash. Research Project X-479, Report No. 1, Naval Medical Research Institute. 




MILITARY AMEBIASIS 


Observations on the Complete Courses op Forty Cases, "with Results 

OF Treatment 

EDDY D. PALMER* 

Clinical obsen’^ations on war-tiine military amebiasis are hampered by the 
constant necessity for evacuating the patient. Important information cover- 
ing phases of the course of the disease in World War II has been collected in 
Army medical installations along the chain of evacuation (Edson, Ingegno and 
D’Albora, 1945), but final evaluation, especially in regard to the long-range 
results of treatment, has not j’^et been made. This paper is a report on the com- 
plete course of the disease, with exposition of the results of treatment, in Army 
amebiasis patients w’ho had reached the terminus of the chain of evacuation, a 
general hospital in the Zone of the Interior, and who w'ere eventually termed 
cured and discharged from medical observation. 

material 

Observations on 40 consecutive soldiers w'ho had been diagnosed here or at 
previous medical installations as amebiasis in any of its forms, and whose clini- 
cal records, past and present, were complete in detail regarding this infection, 
are reported. There was no selection of cases provided clinical information 
was complete and concurrent disease did not confuse the amebiasis picture. 
There w'ere 37 w'hite and three colored patients. There w'as one female. The 
ages varied from 20 to 45, with an average of 33.9 years. 

Amebiasis had been first diagnosed and treated in each case while the patient 
was in military sendee. Two had sen'^ed in the Zone of the Interior only, and 
six were first diagnosed while prisoners of the Japanese in the Philippines. Five 
had served in the China-Burma theater, 25 in the south-west Pacific, one in the 
European theater, and one in north Africa. 

Eleven patients admitted having eaten large quantities of raw native vege- 
tables overseas, and 10 believed their drinking water was probably unsafe at 
times. 

Thirteen patients had been evacuated because of their amebiasis and had no 
other demonstrable disease processes, except in some cases other intestinal 
parasites. The other 27 patients had a variety of diseases in addition to ame- 
biasis during their present course of hospitalizations, namely, lichen planus, 
tropical ulcer, convalescent beriberi, convalescent scurvy, relapsing tertian 
malaria, subchnical schistosomiasis japonica, gonorrhea, latent syphilis, duo- 
denal ulcer, chronic sinusitis, and asthma. 

Twenty-seven of the 40 patients harbored intestinal parasites other than 
Endamoeba hisiolytica (table 1). There was a total of 53 infections with 10 
other species. Endamoeba colt and hookworm infections were most prevalent. 

* 1st Lt., Medical Corps, AUS. 
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All of these infections were subclinical, as shown by the eventual clearing of 
gastrointestinal symptoms and signs following cure of amebiasis, in spite of 
persistence of these other infections. Treatment was later given for the other 
pathogenic species. 


TYPES OP AlilEBIASIS EEPEESENTBD 

Of the 40 patients, 28 had uncomplicated symptomatic amebic colitis, three 
were as 3 Tnptomatic “carriers,” four had at some time during their courses 
developed amebic hepatitis, three had uncomplicated amebic liver abscesses, 
one had amebic liver abscess complicated by diaphragmatic perforation and 
amebic empyema, and one had multiple amebomas of the transverse colon. 
Three cases of symptomatic amebic colitis eventually developed typical chronic 


TABLE 1 

Other species of intestinal parasites in Jfi amehiasis patients 


PARASITE 

HUilBEE or PATIENTS 


13 

Endolimax nana 

4 

lodamoeha biilschlii 

5 

Endamoeha coli 

11 

Trichomonas hominis 

4 

Giardia lamhlia 

2 

Schistosoma japonicum 

1 

Trichocephalus irichiuris 

5 

Ascaris lumbricoides 

8 

Hookworm 

10 

Slrongyloides slercoralis 

3 


\ 

Total number of infections 

53 



idiopathic ulcerative colitis (Bargen’s t 3 rpe I) while under observation follow- 
ing cure of amebiasis. 


PERIOD OF HOSPITALIZATION 

The period of hospital study, and incidentally time lost to the Army, of the 
patients considered here w'as lengthy. The six patients who were prisoners 
of the Japanese for long periods did not receive proper anti-amebic treatment, . 
and, therefore, their periods of hospitalization are not considered. Three 
asjTnptomatic “carriers” were hospitalized for an average of 82 days because of , 
their infections. The other 31 patients were studied for an average of 12.4 
months for their amebiasis alone, excluding hospitalization for complicating , 
idiopathic ulcerative colitis (table 2). Seven were hospitalized 18 to 22 months, 
eight 12 to 17 months, eleven 8 to 11 months, and five 4 to 7 months. Ad- 
ministrative procedures tended to prolong hospitalization in some cases, but 
this factor could not be satisfactorily measured and excluded. 
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DATA SOURCES 

The information reported here was obtained from the records of the patients’ 
current series of hospitalizations, including those compiled at this installation. 
The 'previous medical records of the 40 cases were complete in detail regarding 
clinical findings and treatment measures, and these data are reported. In many 
cases a minimum of laboratory. X-ray, EKG and sigmoidoscopic studies was 
done overseas. Because the laboratory technics used in other installations 
for stool examination are not known, pre\dous stool reports, unless positive, 
were felt to be potentially misleading and are not included. Certain other 
data are not reported when it seemed that they could have been influenced by 
other disease processes present. 

CLINICAL findings 

Onsd. The onset of the clinical disease was sudden in 28 cases and gradual 
in nine. The former group included the eight cases of hepatitis and liver abscess, 
and the latter the case of colon amebomas. Three patients were consistently 
asymptomatic. 

TABLE 2 


Length of period of hospitalization for amebic infeetion alone in 40 amebiasis patients 


KtnniEB or patients 

WONTHS OP nOSPITAEIZATlON 

3 (“carriers”) 

2 

5 

4-7 

11 

S-11 

8 

12-17 

7 

18-22 

(6 (POW) 

25-48) 


Frescniing symptoms. The presenting symptoms of two of the four liver 
abscess patients were fever and steady right upper quadrant abdominal pain. 
These of the other 33 symptomatic patients were abdominal cramps and diar- 
rhea, 13 with gross blocd and 20 ivithout. Evidences of hepatitis or liver 
abscess in six patients developed two to 22 months after the establishment of 
clinical colitis. 

Symptoms on relapse. Each patient who had one or more post-treatment 
relapses stated that the type of onset and presenting symptoms each time were 
identical to those of the initial attack. Most felt that the symptoms were most 
severe during the first attack. 

Remissions and ezaceriations. There Were no spontaneous remissions of 
symptoms in the hepatitis,, liver abscess and ameboma patients. Half of the 
28 imcomplicated sjmptomatic colitis patients had no partial or complete re- 
missions until therapy was instituted. The other 14 had recurring spontaneous 
remissions lasting two to 30 days, punctuated with exacerbations of about the 
same duration. In each case any tendency to remission and exacerbation was 
remarkably constant during successive relapses. 
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Hepatitis patients (four). During the active phase of the liver complication, 
each of the hepatitis patients complained of severe malaise, anorexia, right 
upper quadrant pain, jaundice, crampy lower abdominal pain, tenesmus, and 
11 to 60 watery stools with gross melena per day. One patient had persistent 
nausea, vomiting and stomach gas. 

Uncomplicated liver abscess cases (three). The symptoms of the patients mth 
liver abscess diifered from those of the hepatitis patients in that they all had 
fever, while only two had brief periods of jaundice and only one had crampy 
lower abdominal pain, tenesmus, diarrhea and gross melena. Two had brief 
periods of nausea and vomiting. 

Each case showed a patternless erratic spiking fever from 99 to about 103.8°F., 
which in each case returned to normal on the second day of emetine therapy, 
to recur unless cured within four weeks of the completion of the emetine course. 
The livers were found to be 1 to 5 cm. below the costal margin at the time diagno- 
sis was made or relapse detected. No abscess was palpable. Two abscesses 
were demonstrated at the superior surface of the right lobe by X-raj’’ and one 
was found only by the exploring needle at about the center of the right lobe. 
Two sigmoidoscopic examinations on each case before cure failed to reveal 
pathology, although material aspirated from the normal appearing rectal mu- 
cosa in one instance was positive for E. histolytica. Tenderness of the cecum 
and sigmoid was found in one patient. There was no anemia. Leukocytosis 
of 12,700 to 17,200 was consistently present prior to therapy and during re- 
lapse. 

In the one liver abscess patient in whom thorough laboratory evaluation of 
the liver function was made there were no abnormal findings. The bromsulpha- 
lein. Hanger, and oral hippuric acid tests, and van den Bergh, icteric index 
and blood protein determinations were normal during the active phase and 
after cure. 

lAver abscess complicated by diaphragmatic perforation (one case). This pa- 
tient developed an acute bloody diarrhea and was hospitalized and treated for 
amebic colitis, although several stool examinations failed to reveal the organisms. 
There were no subjective or objective findings at the time to indicate liver in- 
volvement. Six weeks after the onset of the colitis, the sudden development of 
severe right pleuritic pain and dyspnea with signs of fluid at the base led to 
pleural aspiration. Material from the pleural space revealed for the first time 
E. histolytica. 

Uncomplicated symptomatic colitis (28 cases). Of the 28 patients, 17 had poor 
appetites, occasional nausea and stomach gas. Five had brief periods of vomit- 
ing associated with crampy upper abdominal pain. Eighteen had gross melena 
for periods longer than two weeks. All had lower abdominal crampy pain. 
Stools were largely mucus and blood for long periods in two, and watery or 
mushy in the others. Sixteen complained of persistent tenesmus. The pa- 
tient’s estimate of the average niomber of stools per day during the entire course 
of the active disease ranged from five to 60, with a mean for all cases of 12. 

During the active stages, none had fever, objective evidence of weight loss 
which could be ascribed to amebiasis, anemia, or laboratory evidence of im- 
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paired liver function. The liver was recorded as enlarged 1 to 2 cm. below the 
costal margin in four cases. The sigmoid was tender in 19 cases and the cecum 
in 16 . Twenty of the patients were sigmoidoscoped on at least one occasion 
(average 2 . 1 ) during the active stage, and t3'pical amebic pathology was found 
in 11. In eight of 15 cases rectal aspirations were positive for E. Mstolylica, 
and in two of these cases specific diagnosis was made in no other way. In 
eight cases there was a low-grade leukocytosis which could be attributed to no 
other cause. Microscopic melena was universally present at some time during 
the active disease, and often persistently. Of 13 patients submitted to barium 
enema studies before treatment, the report for four showed the changes described 
by Golden and Ducharme (1945) as suggestive of amebiasis in the cecum, and 
for another five inflammatoiy spasm in the sigmoid alone, compatible vdth 
amebic cohtis (Druckman and Schorr, 1945). 

Mviiple amebomas of the transverse colon {one case). The subjective and ob- 
jective findings in this patient, who was imder continuous medical observation 
for 23 months, were similar to those in the cases of symptomatic colitis. Ex- 
ceptions were a persistent leukoc3’tosis of 13,200 to 14,800, a sedimentation 
rate of 45 to 47 mm. per hour (Westergren), and the finding of tumors b3’' barium 
enema X-ray; all persisted until the completion of the curative course of therapy. 
The diarrhea was moderatel3’' severe and rather tenacious. There was consider- 
able gross melena during the periods of more severe diarrhea. Sigmoidoscopic 
examinations showed a t 3 T 3 ical mild amebic ulcerative proctitis involving the 
regions of the valves, but organisms were not recovered by mucosal aspiration. 
There was no fever, anemia, or clinical or laboratory evidence of hepatic in- 
volvement. 

The tumors were not palpable and were not within reach of the sigmoido- 
scope. Serial barium enemas, eight in all over a 20 month period, showed the 
size and configuration of the tumors to be static imtil the beginning of regres- 
sion following successful treatment. There W’ere two tumors, in the transverse 
colon, 8 cm. apart; the remainder of the colon and cecum was normal, with 
filling of the appendix and barium reflux into the terminal ileum. The tumors 
were similar in size and shape, the areas of constriction measuring 8 cm. and the 
lumen of the bowel being constricted to about two-thirds of normal by each. 
The important radiologic features, observed consistently, W'ere the gradual 
transition from normal bowel to tumor and the absence of mucosal irregularity; 
the absence of OA’^erhanging edges was remarked on several times. Although 
the roentgenologists at three installations mentioned the possibility of malig- 
nanc 3 ’^, the smooth sloping transition to tumor tissue was the determining factor 
in the general impression of bemgnancy. 

Idiopathic ulcerative colitis. Three cases of s3Tnptomatic amebic colitis de- 
veloped t3'pical idiopathic chronic ulcerative colitis (Bargen’s t3'’pe I) following 
cure. This developed in each case during post-treatment observation, i.e., 
within two months of active amebiasis. In two patients the sigmoidoscopic 
picture had returned to normal in the interim; in the other at the time the onset 
of the acute stage of ulcerative colitis was detected there were circumscribed 
patches of mild residual h3’peremia in the region of the former amebic rectal 
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ulcers. The patients Y’ere observed for periods of 11, 12, and 21 months re- 
spectively following the establishment of the diagnosis of ulcerative colitis. 
The onset in all cases was acute, vdth typical rectal and lower sigmoid change's 
consisting of generalized intense hyperemia and edema, with closely spaced 
pin-head sized superficial abscesses and erosions, friability, easy bleeding and 
copious purulent exudate. Stools and rectal aspirations were consistently 
negative to microscopic examination and culture. X-ray studies and the even- 
tual course in each case were consistent vith those usually associated with the 
disease. One patient eventuallj'’ came to pancolectomy. 

TREATMENT AND RESULTS 

Criteria of cure. All patients, including those who had been considered cured 
at other installations, were submitted to the following procedures at this hos- 
pital, whatever the type of amebiasis, before being considered free of infection. 
Each patient following cure was studied a minimum of two months (average 
2.5 months) of continuous hospitalization. 

Clinical criteria included absence of fever, leukocj’tosis, hepatomegaly, and 
rectal and lower sigmoid pathology by a minimum of two (average 2.5) sigmoido- 
scopic examinations. Continuation of colon tenderness and diarrhea was not 
considered necessarily to be evidence of continuation of active amebiasis; it 
^Yas commonly observed that amebic colitis patients continued to have diarrhea 
for periods of about two months following cure, their bowel movements gradually 
reverting to normal spontaneously. Actually in patients who had had simple 
amebic colitis, no changes in the clinical picture, except the sigmoidoscopic find- 
ings, were necessarily helpful in estimating the effectiveness of treatment. 

Laboratory criteria included a minimxuu of two (average 2.5) negative sig- 
moidoscopic rectal aspirations and aminimum of six (average 9.9) negative stools. 
The material obtained by rectal aspiration was examined directly under the 
warm-stage. Each stool was examined by direct smear, the modified zinc sul- 
fate flotation concentration technic of Otto, Hewitt and Strahan (1941), and 
concentration by centrifugalization technic (Craig and Faust, 1940). The 
findings of Sawitz and Faust (1942) and Sawitz and Hammerstrom (1943) indi- 
cate that these were exceptionally rigid criteria. 

The case of amebomas of the colon was considered cured after meeting the 
above criteria and after X-ray studies had shown complete regression of the 
tumors. 

Number of co^^rses of treatment. Of the 40 cases, two lost their infections spon- 
taneousl}'- vithout treatment, 22 were cured by the first course of treatment, 
nine only after two courses, six after three, and one after four (table 3). The 
asj’^mptomatic group appeared to be the easiest to cure and the liver abscess 
cases the most difiicult. Eleven of the 28 sjTOptomatic colitis cases required 
more than one course of treatment. 

Hepatitis. Of the four cases of amebic hepatitis, three -were cured following 
one course of treatment which included emetine (table 4). The other patient 
relapsed four months after apparent cure with carbarsone; treatment was then 
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resumed, udtli subsequent cure. This latter case received no emetine or io- 
dides. 


TABLE 3 

Number of courses of treatment repuired to cure Jfl cases of amebiasis 


NUITBER OF PATIENTS 


TVFC OF AMEBIASIS 


Number of courses of treatment 



Bi 

1 

2 

3 

4 

Asymptomatic (“carriers”) 

B 

2 

1 

1 


Uncomplicated colitis 


16 

8 

3 


Amebomas of colon 




1 


Hepatitis 


3 

1 



Uncomplicated liver abscess 


1 


1 

1 

Liver abscess with diaphragmatic perfora- 






tion 

Hi 



1 


Totals 

2 

22 

9 

6 

1 


TABLE 4 


Summary of treatment and results in four cases of amebic hepatitis 


CASE 

EMETIKE 

CAEBASSOKE 

DlODOQtnH 

CHIKIOPON 

CLTNICAZ. EELAFSS 


grams 

grams 

grams 

grams 

months 

1 

0.46 

7 



0 

2 

0.40 

20 

39.1 


0 

3 

1.00 

15.75 


6 

0 

4 (1st) 


3.5 

. 


4 

(2nd) 


7 



0 


TABLE 5 


Summary of treatment and results in three cases of xincomplieatcd amebic liver abscess 


CASE 

SUECICAL PEOCEDURE 

EMETINE 

CAEBAESONE 

EIODOQUIN 

CLINICAL RE- 
LAPSE 




grams 

grams 

months 

1 

Open drainage and 



7.8 

0 


aspiration 

mmiiiiH 




2 (1st) 


0.55 

7.5 

19.6 

9 

(2nd) 


0.59 

10.5 

13.7 

1 

(3rd) 


0.33 

6 

87.2 

0 

3 (1st) 

Open drainage 


mil 


2 

(2nd) 

Open drainage 




1 

(3rd) 


1.17 



2 

(4th) 


1.17 


13.7 

0 


Uncomplicated liver abscess. The three cases of uncomplicated liver abscess 
required one, three and four courses of treatment respectively for cure (table 5). 
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One was cured Avithout surgical procedures, one had had two open drainages 
with relapse following each before cure, and one had open drainage Anth aspira- 
tion four days later. All had large doses of emetine. 

Liver abscess complicated by diaphragmatic perforation. The patient who 
developed diaphragmatic perforation from liver abscess had been treated for 
colitis with a course of emetine 0.78 gm. and carbarsone 18 gm., completed 
about one week prior to perforation. Following perforation and the recovery 
of amebae from the pleural fluid, he was given an additional 1.43 gm. of emetine 
and 19.6 gm. of diodoquin in two courses, with a single aspiration of the liver 
abscess and an additional aspiration of the pleural space. No local therapy 
was used. No hepato-bronchial fistula developed. The patient recovered 
without clinical or laboratory relapse. 

Midtiple amebomas of the transverse color. This patient received three courses 
of treatment, which included emetine, carbarsone, diodoquin and enemas of 
chiniofon, over a 16 month period before cure (table 6). No surgery was at- 
tempted. The tumors were discovered at the time of the first treatment for 
colitis. The subsequent tAvo courses were instituted when stool relapse was 


TABLE 6 

Summary of treatment and results in one case of multiple amebomas of the transverse colon 


COURSE 

EMETINE 

CARBARSONE | 

DIODOQUIN 

CHINIOrON ENEMAS 

STOOL RELAPSE 


grams 

grams 

grams 

grams 

month} 

1st 

1.0 

20 


5 (200) 

4 

2nd 

1.0 

20 



8 

3rd 

0.26 

3 

13.65 


0 


discovered folloAving return of colitis symptoms. Barium enemas shoAA^ed no 
regression of the tumors until the completion of the successful third course, 
when they gradually disappeared over a two month period. 

Uncomplicated amebic colitis. The 29 treated cases of uncomplicated colitis 
received an aggregate of 43 courses of treatment, i.e., 14 were not curative (table 
7). It is to be noted that the infections in two patients, Avho had been shoAvn 
by stool examination to have amebiasis, cleared spontaneously Avi hout treat- 
ment, as proven by the stated criteria, AA'ith 12 negatNe stool examinations 
each. 

A great variety of drug regimes AA-as used in the A’-arious medical installations 
handling these cases. In five courses only one drug Avas used, and in 14 two. 
The other 24 courses combined emetine, carbarsone, and diodoquin m various 
doses. Chiniofon aa^bs used on one occasion. 

Among the 14 unsuccessful courses of treatment in this group, eight were 
followed by stool relapse in from two to four months after the completion of 
treatment. Three AA^ere stool positive sooner and three later, AAuth extremes of 
iO days and 11 months. Clinical relapse occurred from three weeks to sLx 
months foUoA\ing treatment. 
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Table 7 permits an important observation: in this series the results of treat- 
ment could not be predicted from the size of drug dose. Ten of the 14 treat- 
ment failures folloived courses combining doses of arsenical and iodide which 
were small as compared with doses which proved to be curative, but eight such 
courses were successful. The other four treatment failures followed courses 

TABLE 7 

Summary of treatment courses and results in SI cases of uncomplicated symptomatic and 

asymptomatic amchic colitis 



which combined larger doses of arsenical and iodide than those which were 
curative in 13 cases. 

The inclusion of and dose of emetine in the regime bore no direct relation to 
the effectiveness of the therapy, although this" fact is somewhat obscured by 
the tendency to include relatively large doses of emetine in regimes which in- 
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elude large doses of the other drugs. The 29 successful regimes employed au 
average of 0.42 gm. of emetine while the 14 unsuccessful ones employed an aver- 
age of 0.31 gm. 

Toxic effects of emetine. Of the 33 cases treated vith emetine (maximum ■ 
total dose 2.34 gm., average 0.77 gm.), one developed a sterile local abscess 
after a coxrrse of 0.39 gm., and one a pol 5 meuritis of two months duration fol- 
lowing 0.46 gm. There were no other clinical evidences of untoward reaction. 
The blood pressure and cardiac sounds were followed closely in each case, even 
imder apparently difficult overseas conditions, without significant change. Ten 
patients were followed during one course of emetine each by serial electrocardio- 
grams (average 3.6, in addition to pretreatment base-line records); no changes 
were found in six patients, while in four there was inconstant depression of the 
T-waves, with reversion to pretreatment amplitudes following cessation of 
emetine. 


DISCUSSION 

Ochsner and DeBakey (1939a) suggested the term “ameboma” for chronic 
granulomatous tumors of the large bowel of amebic etiology. This lesion is 
perhaps rather common. Its usual site is the rectum, and it usually is single. 
Hu (1937), Donald and Brown (1940), D’Antoni (1943) and Lindskog and 
Walters (1946) have reported a total of 11 cases, all of which were single and 10 
of which were in the rectum. The amebomas in D’Antoni’s three cases disap- 
peared following medical treatment. The case of Lindskog and Walters re- 
quired resection of the lesion after four unsuccessful courses of emetine and one 
of carbarsone (doses not stated) ; the lesion was in the ileo-cecal region, measured 
4 cm. in diameter, and showed no amebae at the time of surgery. 

The case reported in the present series is interesting because of the opportunity 
afforded to observe the tumors radiologically over a 20 month period. Their 
static nature, especially dm-ing successive non-curative courses of antiamebic 
treatment, is notable. It was only after the amebae were permanently elimi- 
nated that the tumors began to clear. The regression was eventually complete. 
Although there were many misgivings on the parts of several observ'ers during 
the course of the patient’s illness, it was gratifying that faith in the effectiveness 
of non-surgical treatment was eventuallj’- realized. 

The continuation of diarrhea following cured amebic colitis — cured according 
to acceptable criteria — ^is a curious phase of the natural history of the disease. It 
has been commented upon seldom (D’Antoni, 1942), but has so impressed ob- 
servers in at least two Army tropical diseases centers that patients are routinely 
warned prior to treatment to anticipate this discouraging sequela. When eme- 
tine is part of the treatment regime, the diarrhea may be expected to cease 
rather quickly, to return about a week after the drug is discontinued, and to 
persist with gradually decreasing severity vdthout further treatment for about 
two months. When iodides and/or arsenicals are used alone, the diarrhea may 
be expected to persist without interruption throughout therapy and to decline 
slowly thereafter. The most significant change in the character of the stool 
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upon the' elimination of the infection is the disappearance of gross and occult 
blood. This is consistent with the clearing of the ulcers as observed through the 
sigmoidoscope. But there is no observable persistent pathology to explain the 
continuation of the diarrhea — ^this must be a matter of functional'hypermotility . 
Numerous follo'U’-up sigmoidoscopies in several patients during this period of 
unexplained post-treatment diarrhea have revealed no pathology — ^no hyper- 
emia, excess mmcus, edema, or residual abnormal changes from healed ulcers. 

Craig (1944) has observed persistent diarrhea after cure of chronic amebic 
dysentery, but only in those patients in whom extensive ulceration has occurred 
■uith resulting irreversible enormous thickening of the bo'wel wall, observed by 
sigmoidoscopy and at autopsy. He distinguishes this sequela from chronic 
idiopathic ulcerative colitis. 

The three cases of idiopathic ulcerative colitis reported here were observed 
from their inceptions. There was nothing peculiar about them except the cir- 
cumstances immediately preceding their onsets — ^the recently extant amebic 
colitis in each case. No acceptable causal relationship between the two dis- 
eases could be established, of course. It is clear that they did not represent the 
type of chronic post-treatment colitis described by Craig (l.c.), because the bowel 
had in each case returned to essential normality before the onset of the second 
disease. It seems likely for this very reason that the diseases were in no way 
related. Other investigators have not given a definite answer to the question 
of possible relationship, and a search of the literature brought to light only 
speculations. In spite of lack of controlled clinical data, however, one may 
well respect the impressions of the many competent observers who are almost 
universally agreed that there is no causal relationship between amebiasis and 
chronic idiopathic ulcerative colitis. Statements like the following (Silverman, 
1945) are frequently found: “After studying more than a thousand cases of 
acute and chronic .... dysentery over a period of years I believe that neither 
Bacterium dysenteriae nor Endameba (sic) histolytica has anything to do with 
the cause of chronic ulcerative colitis.” 

It was a matter of considerable interest to note that in each amebic colitis 
patient s 3 ncnptom.s on relapse were qualitatively remarkably similar to those of 
the initial pre-treatoent phase. No comment on the matter has been found in 
the literature. It would indicate, perhaps, that a rather precise and static 
pathologic relationship exists between host and parasite, and that the interrela- 
tionship of the strain individualities of both plaj’- a significant part in the de- 
termination of the clinical manifestations. 

In attempting to evaluate the effectiveness of treatment in amebiasis, as in 
other infectious diseases which confer little or no immunity, the greatest source 
of potential error and quasi-scientific conclusion is the difficulty in differentiat- 
ing relapse from reinfection. The difficulty is enhanced when considering sol- 
diers in war-time because the heterogeneity of overseas geographic conditions 
plus the constant movement of troops renders the use of control primary-at- 
tack rates unreliable. The issue is further clouded by the asymptomatic 
“carrier” stage of amebiasis. 
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It was felt, however, that a reliable estimate of the situation could be made in 
this series. Because the patients had been protected from reinfection by con- 
tinuous hospitalization without overseas furlough since the onset of the dis- 
ease, and because the period between treatment and relapse had been no longer 
than 21 months in any patient, it was thought that the ''relapses" reported here 
were probably true relapses rather than reinfections. The 11 month maximum 
was taken arbitrarily, with the realization that the average incubation period 
in acute amebic colitis is probably only about tv^o months and the prepatent 
period about nine days (Walker and Sellards, 1913). 

Emetine 0.65 gm. over a 10 day period is the treatment of choice in amebic 
hepatitis (Craig, 1944). This authority states G.c.), “. . . emetine is an abso- 
lute specific in the cure of amebic hepatitis and if this condition is recognized 
a course of treatment with this drug is always successful in relieving the sj’^mp- 
toms and preventing abscess formation.” Sodeman and Lewns (1945), report- 
ing 33 cases, have been only tw’o of several investigators to add confirmation to 
this statement. The fact that a case in the present series was cured with car- 
barsone alone, and that D’Antoni (1946) has noted disappearance of liver pain 
and tenderness in several amebiasis patients during treatment with diodoquin, 
constitute no recommendation that oral amebacides be relied on routinely in 
this complication of amebiasis. However, should emetine be contraindicated 
in a patient for any of several reasons, one might proceed with iodides and ar- 
senicals with some confidence in their effectiveness, D’Antoni (l.c.) comments 
that, since diodoquin is not absorbed, its ability to render some cases of amebic 
hepatitis asjmptomatic might indicate that E. histolytica is not always present 
in the liver in this complication. 

The treatment of amebic liver abscess has been so completely and thoroughly 
described and discussed in the past (Ochsner and DeBakey, 1935; 1939a; 1939b; 
1943; Ochsner, DeBakey and hlurray, 1939) that no elaboration on this small 
series is warranted. Perhaps, howe^rer, it is permissible to note here wnthout 
further discussion that one case of abscess was cured without surgical interfer- 
ence, and that one case relapsed twice following open drainage but was cured 
later by medical management alone. All abscess cases were handled in rather 
unorthodox fashions. 

The %'ariously conceived courses of treatment which were used, especially in 
the colitis patients (table 7), with their man 3 ’’ different dosages of several stand- 
ard drugs, might have offered an unusual opportunitj' for comparative study, 
were the series larger. There must be in such a series a certain amount of in- 
consistency between the size of drug dosage and its effectiveness, bj' reason of 
biologic and pathologic variation in the strains of both the organism and the 
host. In a small series this feature must preclude statistical evaluation. 

One important obser\*ation, however, was made. The often emphasized 
impotenej' of emetine in influencing the eradication of E. histolytica from bowel 
lesions (Manson-Bahr, 1941; Craig, 1944), was confirmed, but a .rimilar but 
variable impotenej', or at least an unpredictable variation, in the effcctivcnc.ss 
of the oral amebacides, not anticipated from mere strain variation or from the 
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experiences of other workers, was also found. It was a theraixjutic disappoint- 
ment to note the erratic response to various doses of the various dnigs. Thus 
in two instances courses of emetine 0.4G gm., carharsone 10 gm., and diodoquin 
19.55 gm. were not curative, while a course of emetine 0.20 gm., carharsone 3 
gm., and diodoquin 2.50 gm. was. Other examples arc evident in the table. 
The matter is further confused — or possibl}’- clarified — by the spontaneous dis- 
appearance of the infection without treatment in two cases. 

Spontaneous disappearance of E. histohjlica following the cstabli.^hment of a 
well defined infection has been commented on by Craig (1944), who has seen 
several cases. Statistics on the matter have not been published. The two 
cases (5 per cent of the series) reported here were studied carefully, and the e.xist- 
ence of amebiasis at one point and its absence at another without treatment 
were confumed according to rigid criteria. The manner of selecting cases 
should not necessarily have influenced the incidence here, but the series is small. 

The potenti,al dangers of emetine therapy were brouglit out here. The in- 
sidious nature of these is reflected in the fact that both p.atients who had unto- 
ward reactions had not received large doses of the drug. There would bo, of 
course, no expected relationship between size of dose and development of a 
subcutaneous abscess, but the poljmeuritis would seem to be a different matter. 
One notes, in this connection, that Bcrkman and Bargen (1942) reported a case 
of amebiasis who received a total of 12.G1 gm. of the drug over a period of several 
years without recognized toxic effects, while Brown (1935) collected ca,scs in 
adults in whom death followed the administration of 1.2S, 1.74, 1.07, 1.44, 1.52, 
1.04, 1.08, 1.88, and 0.48 gm. It is notable that 10 p.atients in the present .<vrics 
treated with emetine were closely supervised regarding the most serious poten- 
tial ccmplication, myocardial damage, and no abnormalities or change in status 
were found, other than insignificant changes in the T-waves of the electrocardio- 
gram. 


.SUMMARY 

1. Obseia’ations on the complete courso.*^ of 40 c.n.^es of amebiasis among mili- 
tary jiersonnel arc reported. There were three asj-mptomatic "carrier” cas<'S, 
28 patient.s with symptomatic amebic colitis, four with amebic hepatiti>?, three 
with hcjiatic abscc.«s, one with liepalic abscess complicated by diaphragmatic 
IX'rfornlion, and one with multiple amebom.as of the transverse colon. They 
were studied under continuous ho'^pitalization for .avenigc perio<ls of mort' ih.an 
a year. 

2. The clinical lindings in general did not varj' remarkably from lho<-e ucurdly 
ascribed to the disease. Tvo fcature.s were impressive: 

a. The ]\’itient.s’ remarkable qualitative constancy of .‘^ymptoni'^, inf'luding 
tendency to remission and exacerbation, l>efore treatment .and during I'.'reb 
relapse'. 

b. 3'hi' i>orsistonce of colon tenderness and Idornlless diarrlu'.a, vith mgitjve 
sigmoido'^copic picture, in cimd amebic coliti<5 patient*' for alMjut tv.u menth*"- 
follouing cotnpletion of successful Irratment. 
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3. Three amebic colitis patients developed typical chronic idiopathic ulcera- 
tive colitis (Bargen’s type I) less than two months after cure of amebiasis and 
after the return of their sigmoidoscopic pictures to essential normality. It is 
probable that there was no causal relationship. 

4. The patient with multiple amebomas of the transverse colon was studied 
for 23 months. The static radiologic nature of the tumors over the 20 nionth 
period prior to medical eradication of the infection, and their complete disap- 
pearance following cure were notable. 

5. The treatment schedules and results are given in detail. Tvvo patients 
(5 per cent of the series) spontaneously lost their infections without treatment. 
The other 38 required a total of 62 courses of treatment for cure, as determined 
by rigid criteria. One case of amebic hepatitis was cured udthout emetine, and 
two of liver abscess without surgical procedures. 

6. There was no constant or predictable relationship between the size of drug 
dose and its effectiveness in amebic colitis. 


REFERENCES 

Berkman, J. M., and Bargen, J. A. 1942 Amebic abscess of the liver with choledochal 
and external fistulas; report of case. Proc. Mayo Clin., -IT; 481-487. 

Brov^, P. W. 1935 Results and dangers in treatment of amebiasis; summary of 15 
years experience at Mayo Clinic. J. A. M. A., 105: 1319-1325. 

Craig, C. F. 1944 Ihe Etiology, Diagnosis, and Treatment of Amebiasis. Baltimore, 
pp. 319. 

Craig, C. F., and Faust, E. C. 1940 Clinical Parasitology'. Philadelphia, pp. 727. 

D’Antoni, j. S. 1942 Amebiasis, recent concepts of its prevalence, symptomatology, 
diagnosis and treatment. New Intemat. Clin., 1: lOO-lOS. 

D’Antoni, J. S. 1943 Further observations on amebic and bacillary colitis in the New 
Orleans area. Am. J. Trop. Med., 23: 237-242. 

D’Antoni, J. S. 1946 Personal communication. 

Donald, C. J., Jr., and Brown, P. W. 1940 Amebic granuloma simulating carcinoma of 
the rectum. Proc. Mayo Clin., 15: 321-323. 

Druckmann, a., and Schoor, S. 1945 The roentgenologic manifestations of amebiasis 
of the large intestine. Am. J. Roent. and Rad. Ther., 64: 145-148. 

Edson,, j. N., Ingegno, A. P., and D’Albora, J. B. 1945 Amebiasis: a report of thirty- 
nine cases observed in an Army hospital stationed in northern Ireland. Ann. Int. 
Med., 23: 960-968. 

Golden, R., and Ducharme, P. 1945 Clinical significance of deformity of the cecum in 
amebiasis. Radiology, 46 : 565-572. 

Hu, C. H. 1937 Histopathology of amebic infection of the genital and anal regions. 
Nocht Festschr., 221-224. 

Lindskog, G. E., and Walters, W. 1946 >Surgical aspects of amebic dysentery. J- 
A. M. A., 131: 92-95. 

Manson-Bahr, P. 1941 Amoebic dysentery and its effective treatment; critical study 
of 535 cases. Brit. M. J., 2: 255-258. 

OcHSNER, A., AND DeBakey, M. 1935 Amebic abscess of the liver, diagnosis and treat- 
ment, study based on 4,484 collected and personal cases. Am. J. Digest. Dis. and 
Nutr., 2: 47-51. 

OcHSNER, A., AND DeBaket, M. 1939a Surgery of amebiasis. New Orleans Med. 
and Surg. J., 91: 670-678. 

OcHSNER, A., AND DeBakey, M. 1939b Surgical considerations of amebiasis. Collec- 
tive review. Internat. Abstr. Surg., 69: 392-403. 



THE DIAGNOSIS OF SCHISTOSOMIASIS JAPONICA 
III. Technics for the Recovery of the Eggs 

OF ScHISTOSOJIA JAPONICUM 
ERNEST CARROLL FAUST.i and JAMES W. INGALLS' 

"With the assistance of James K. See’ 

INTRODUCTION 

In an earlier communication in this series of studies (1) it has been indicated 
that positive confiimation of presumptive clinical diagnosis of schistosomiasis 
japonica depends on demonstration of the egg of the etiologic agent, Schistosoma 
japonicinn. In the average individual in a heavily endemic area direct fecal 
film examination usuaUj’’ reveals one or more eggs of the parasite for each cover- 
glass preparation. On the other hand, lightly infected persons, or those who 
have submitted to one or more courses of antimonj'^ treatment but are not cured, 
frequentlj"- have so few eggs in their stools that repeated examination of the 
feces without concentration technics fails to proidde confirmatory evidence. For 
this reason methods for the concentration of eggs from larger amounts of feces 
are required. Faust and Melenej'’ (2) utilized sedimentation and also a hatching 
technic, the advantages of which were later demonstrated by Andrews (3). For 
the related species, S. mansoni, Faust and Hoffman (4) found one-half per cent 
glj’-cerin in tapwater superior to plain tapwater for sedimentation. Recently 
Mathieson and Stoll (5) have found that hydrochloric acid-ether centrifugaliza- 
tion proiddes a higher ideld of S. japonicum eggs than direct film, centrifugaliza- 
tion or zinc sulphate centrifugal floatation in tapwater, and Weller and Dammin 
(6) have demonstrated that the addition of a verj' small amount of certain deter- 
gents to hj'-drochloric acid greatly increases the number of S. mansoni eggs 
obtained per given mass of feces. 

Because of the considerable number of military patients who have had clinical 
findings suggestive of schistosomiasis but with stools consistently negative for 
S. japonicum eggs by the usual technics, it was deemed ad\’isable to make an 
inter sive study of methods whereby greater confidence could be placed in stool 
examination in this disease. Moreover, it has been demonstrated bj’’ one of us 
(E. C. F.) (7), as well as bj' Lt. N. L. Hairston,'* that there is a wide range in the 
tj^jes of immature, mature and degenerate eggs of this parasite which are evacu- 
ated in the stool, depending on the age of the infection, its relationship to chemo- 
therapy and possiblj'- other supen^ening conditions. In individuals passing so 

’ Department of Tropical l^Iedicine, Tulane University of Louisiana, New Orleans, 
Louisiana; Director, Commission on Schistosomiasis, Commission on Tropical Diseases, 
Army Epidemiological Board, Preventive Medicine Service, Office of the Surgeon General, 
Washington, D. C. 

' T/Sgt., Commission on Schistosomiasis. 

’ T/Sgt., 34th Malaria Survey Detachment. 

* Hairston, N. L.: Guide for the identification of the ova of Schistosoma japonicum. 
Office Chief Surgeon, APPAC, 10 June, 1945. 
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few eggs in their stool that they are apt to be missed by direct fecal film examioa- 
tion, it is desirable to have a simple technic which will concentrate the eggs 
present in one to several grams of stool in a volume of processed material small 
enough to be examined in a short time. These eggs should be as free of fecal 
detritus as possible, in a good diagnosable condition and should be representative 
of all stages passed in the excreta. The technic should likewise provide for the 
recovery not only of typical mature eggs but also the immature stages and 
different types of degenerate ones. 

MATERIAL AND TECHNICS 

Material . — ^The material which was utilized consisted of stools of patients 
infected with S. japonicum, before, during and subsequent to chemotherapy, and 
those of infected dogs. 

Technics. — 1. Direct fecal film. Miuute amounts of formed, semi-formed or 
liquid feces, estimated to amount to about 10 to 20 mgm., were each suspended in 
about 5 to 10 parts of tapwater on a clean fecal slide measuring 75 x 37 mm. and 
mounted with a 22 mm. sq. cover glass. Ideally this was suflSciently clear to 
read newsprint through the film, but at times undigested starch granules in the 
feces made the preparation semi-opaque. One to eight (usually three to eight) 
films of this tjqie were made from different parts of the stool. If flecks of bloody 
mucus were present, portions of these were also mounted for examination. All 
films were completely examined and all eggs of S. japonicum counted and their 
stages noted. 

For comparative tests it was desirable to have a series of eight direct fecal 
films from the same positive stool in which at most 2 or 3 eggs were present on 
one or two films and the others were negative, as, for example,!, 0, 1, 0, 0, 0, 
0, O', 1, 0, 1, 0, 0, 0, 1, 1, and 0, 0, 0, 0, 0, 0, 0, 0. On the other hand, when direct 
fecal film counts were high, as, for example, 152, 172, 131, the stool was at times 
very thoroughlj’- mixed with that of uninfected human feces in the proportion by 
weight of 1 to 24, so as to reduce the egg count to a small number per film. 

It was realized that these counts were not quantitative, since the minute 
amount of feces utilized was estimated rather than weighed. However, e.xperi- 
ence demonstrated that chance distribution of the eggs in the fecal mass was very 
irregular, so that no object would have been gained in more accurate 
determination of such small masses of material. 

2. Sedimentation. The sedimentation glasses consisted of inverted cones of 
300 ml. capacity promded with a lip and mounted on a base like a goblet. Five 
grams of stool (or, if liquid, 5 ml.) were removed from a specimen which had been 
thoroughlj' stirred up manually and were suspended in the liquid from which 
sedimentation was to take place. The following liquids were tested for their 
comparative sedimenting efficiencies: 

(1) Tapwater 

(2) 0.5% glycerin in tapwater 

(3) 0.1% Triton and 0.05% Triton in tapwater 

(4) 0.5% glycerin -f 0.1% Triton in tapwater 
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(5) N/10 KOH in tapwater 

(6) 0.5% glycerin + 1^/10 KOH in tapwater 

(7) 0.5% gh'cerin + 0.05 per cent Tw’een-80 in tapwater 

(8) 0.5% sodium sulphate in tapwater 

(9) 0.5% gl 5 Terin 4- 0.5% sodium sulphate in tapwater 

(10) N/10 KOH + 0.1% Triton in tapwater 

(11) 0.8 mg.% ferric ammonium alum in tapwater. 

Tests were made to determine the usefulness of gauze in screening out the 
coarser elements in the feces. Dampened Curity surgical gauze was employed 
and comparative quantitative studies made on the efficiency of no gauze, one, 
two, three, four, five, sLx and seven layers. Measurements of the gauze employed 
indicated that it had a relatively constant mesh per square inch of 12 x 20 to 13 
X 21 (based on eight separate measurements from a similar number of samples). 

Kumerous tests were made on the time which was required for sedimentation 
and the number of decantations advantageous to give a satisfactory sediment. 
Frequentl}’- counts were made on the eggs trapped in the gauze and in the water 
which was poured off. In the latter test each amount of supernatant fluid 
poured off was centrifugalized separately and total counts of eggs were made 
from each centrifugate. 

By trial it was found that a verj>' high egg sampling of the sedimentwas 
obtained by drawing off three one-tenth ml. amounts in a wide-mouthed pipette 
provided uith a 0.1 ml. mark and fitted with a good quality rubber bulb, one 
amount from the top layer of sediment, one from the middle and one from the 
bottom. One-tenth ml. was utilized because it was usually just enough to be 
covered by and ^^ewed clearly under a 22 mm. sq. coverglass. Frequentl}' it %vas 
found desirable to count all eggs in the residual sediment after the three one- 
tenth ml. samples had been removed, to determine the percentage of the total 
eggs in the sediment which had been removed in the 0.3 ml. samplings. 

In order to determine if 5 gm. samples of stool were adequate to counteract 
unequal distribution of the eggs in the specimen, two to four samples were fre- 
quentb’’ sedimented at one time, utilizing different parts of the manually mixed 
unprocessed specimen. 

3. Zinc Sulphate Cenirifvgal Floatation. This was tested according to the 
original method (8), as well as following sedimentation. 

4. Ether Centrijvgalizalion. The basic method employed was a modification of 
the Telemann technic utilizing the proportions described b}'- Mathieson and Stoll 
(5). One gm. of stool (or, if liquid, one ml.) was measured into an ordinary lab- 
oratory test-tube of about 35 to 50 ml, capacit 3 \ Five ml. of 40 per cent stock 
HCl (15 per cent cone. HCl) or substituted reagent were added and the feces 
thoroughl 3 '- suspended in it. When two or more aqueous reagents were to be 
tested at the same time, they were mixed before being added to the feces. The 
suspension was next poured through two to four layers of dampened Curity 
gauze into a graduated l5 ml. centrifuge tube, an amount of ether equal to the 
suspension poured in, and the material carefully but thoroughly mixed. The 
suspension was then placed in an electric centrifuge and spun at 1500 or 2300 
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rpm for one or two minutes. "UTien centrifugalization had been completed the 
tube was removed, the film at the interphase between the two strata was gently 
stirred in an attempt to produce settling of trapped eggs, and after one minute 
had been allowed for settling, all of the supernatant fluids were decanted. The 
sediment was then agitated by tapping thetube vigorously with the middle finger, 
was poured onto fecal slides, mounted with coverglasses and the eggs counted. 

The following reagents were employed in the ether centrifugalization technic: 

(1) 5 ml. 15% HCl (sp. gr., 1.08) (Mathieson and Stoll) (5) 

(2) 5 ml. 15% HCl + 0.06 ml. Triton (Weller and Dammin) (6) 

(3) 5 ml. 15% HCl + 0.06 ml. Tween-80 

(4) 5 ml. 15% HCl 0.06 ml. Triton -f 0.25 ml. formaldehyde 

(5) 5 ml. 9.75% KOH (mol. wt. equivalent of 15% HCl) 

(6) 5 ml. 9.75% KOH + 0.06 ml. Triton 

(7) 5 ml. 9.75% KOH -f 0.06 ml. Tween-80 

(8) 2.5 ml. 15% HCl + 2.5 ml. Na.S04 (sp. gr., 1.08) 

(sp. gr. of ]Sra2S04 was used because of the difficulty in obtaining 
an accurate solution of this salt due to its varying water content) 

(9) 2.5 ml. 15% HCl -|- 2.5 ml. Na2S04 (sp. gr., 1.08) + 0.06 ml. Triton 

(10) 3.0 ml. 15% HCl + 2.0 ml. 33.5% ZnS04 + 0.06 ml. Triton 

(11) 5 ml. Na2S04 (sp. gr., 1.08) 

(12) 5 ml. Na2S04 (sp. gr., 1.08) -f 0.06 ml. Triton 

Quantitative counts were made in every test on all the eggs in the sediment, 
and estimates were made from samples taken on the eggs trapped in the gauze 
and remaining in the supernatant liquids. 

Careful examination was made at different stages in representatives of each 
modification of the ether centrifugalization technic to determine the diagnostic 
qualit}’' and the relative quantity of eggs of different types (i.e., immature, 
mature, degenerate, or those distorted by the technic) at each stage in the 
procedure. 

Many quantitative counts were made to compare different ether centrifugali- 
zation technics with one another and with the direct fecal film and sedimentation 
methods. 

5. Hatching of miracidia. Repeated hatching tests were made from sedi- 
mented stools and will be reported in another communication from the Commis- 
sion on Schistosomiasis. They were not employed in the Commission’s studies 
on diagnosis, since they pro-\ade evidence of the presence only of mature hatchablc 
eggs and leave out of account the possibility of immature or degenerate types. 

It has been stated above that comparative tests were made simultaneous!}' on 
two or more technics or variations in technics in order to make a comparative 
evaluation of their efficienc}’’. Direct fecal films were always made as a rough 
test of the number of eggs in samplings from different parts of the stool specimen. 
After a satisfactory sedimentation method had been developed, and tried out 
again and again to demonstrate its dependability, one or more sedimentations 
were alwaA'S run as pilots on the zinc sulphate and ether centrifugalization 
technics. In general, as man}' comparative tests were conducted each day over 
a period of several weeks as could be handled by the three investigators concerned 
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with this special problem, while additional studies were conducted subsequently 
by two of the group (ECF and JWI), to check certain technical procedures 
and practical applications. 

Before any series of studies was undertaken the three investigators checked 
one another to determine their individual ability to recognize the eggs of S. 
japonicum in all stages of development and degeneration, as well as accurate 
coverage of all of the material on a microscopic slide. The variation in count 
was usually about 6 per cent and was always less than 10 per cent. In quanti- 
• tative studies shells from which hatching had occurred were counted and mira- 
cidia swimming in the water with sedimented material were not counted. 

PRESENTATION OP RESUDTS 

General Statement 

Results obtained in the efficiency of different concentration technics differed 
within rather wide margins, depending in part on the consistency and composi- 
tion of the stool, in part on the organic material in the tapwater on a particular 
day and in part on the properties of a particular reagent or group of reagents to 
concentrate in a readily diagnosable state a high proportion of all eggs originally 
in the stool specimen utilized. 

If the stool contained a considerable amount of mucus, either in microscopic 
masses or distributed through the feces, laborious stirring of the entire specimen 
never served to provide a completely homogeneous distribution of S. japonicum 
eggs. If the stool contained considerable vegetable roughage, it was necessary 
to screen this out through gauze. This separation v as usually successful without 
loss of an appreciable percentage of eggs, but large flecks of mucus were also 
usually screened out and they frequently contained a higher percentage of eggs 
per volume than the feces. When the stool contained a large amount of minute 
starch granules, these were slow in settling and frequently held eggs in suspen- 
sion, due to the property of maturing and mature viable eggs in causing a layer 
of fine particulate matter to stick to the outside of their, shells. Moreover, if 
starch granules were sedimented with the eggs or were throrni doma in the 
centrifugate, they clouded the microscopic field and partially obscured the 
identifying characters of the eggs. 

On mornings ivhen a high percentage of organic material was present in the 
tapwater difficulty was experienced in getting satisfactory sedimentation within 
a period of one to two hours, or it was practically impossible to determine whether 
the cloudy supernatant fluid contained eggs or only iron and organic material 
in finely particulate or colloidal suspension. Minute air bubbles in the water 
also from time to time retarded sedimentation. Distilled water was hard to 
obtain from the Medical Supply Depot and the Commission had no distillation 
apparatus of its ovti. Moreover, for practical purposes it seemed desirable 
to do the sedimenting vdth tapwater, since this, or equally turbid river and shal- 
low well water, was all that was available to most of the hospital and medical 
laboratories in the endemic aieas for use in fecal examination. 

The property of reagents used in the ether 'fcentrifugalization technic to distort 
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or destroy some of the eggs was of critical importance, because it might provide a 
negative diagnosis when the sample of stool being processed might have contained 
a few eggs which should be recovered by a reliable concentration method. 

The experimental tests will be presented in the order in which they were 
originally studied, namely (1) sedimentation, (2) zinc sulphate centrifugal 
•floatation and (3) ether centrifugalization. 

Sedimentaiion 

Layers of gauze. Many tests wei’e made to determine the number of layers- 
of gauze most effective in screening out large particulate material and at the 
same time to allow eggs of jS. japonicum to pass through into the sedimentation 
glass. Although the tests varied somewhat, depending on whether tapwater 
alone was used or with some wetting or precipitating reagent, there was a definite 
trend which may be summarized as follows: (a) No screening provided little 
superiority over an average of five to eight direct fecal films; (b) There was 
added efficiency in egg concentration as the number of layers of gauze increased 
from one to four; (c) four to six layers provided approximately the same maxi- 
mum 3 delds, and (d) seven layers gave considerably diminished returns. Be- 
cause of these findings and to simplify the procedure (Curity Absorbent Gauze is 
cut and folded in four layers) four layers were adopted as standard. Capt. A. V. 
Hunninen, Sn.C., parasitologist of the 118th General Hospital Laboratory on 
Lejde, had independently found four layers of surgical gauze to be very satis- 
factory. 

Sedimenting Medium. — ^Tapwater was first tested without any wetting or 
precipitating reagents, since this was routinely employed in General Hospital 
laboratories carrying out routine diagnosis for S. japonicum eggs in the endemic 
area. Five-tenths per cent glycerin in tapwater was then utilized as a control 
because it had been found superior for recovery of the eggs of S. mansoni (4). 
Iron alum (as a substitute for potassium alum which was not available) was 
then tested as a precipitating reagent, using 0.8 mg. per cent in tapwater as em- 
ployed by municipal water plants. N/10 potassium hydroxide and 0.6 per cent 
Na 2 S 04 were emploj'-ed in an attempt to digest mucus tags from around egg shells, 
alone in tapwater and in combination with 0.5 per cent glycerin. The detergents 
Triton NE and Tween-80 were studied because of their demonstrated wetting 
properties, in amounts of 0.1 and 0.05 per cent, in tapwater, with 0.5 per cent 
glycerin in tapwater and with N/10 KOH in tapwater. 

In seventeen tests, in which two or three of these reagents or associated 
reagents Avere compared vdth one another for relative efficiencj’", the folloAAnng 
results were consistently observed: (a) Sedimentation in tapwater gave an 
average concentration efficiency for S. japonicum eggs not in excess of 1.5 (i.e., 
about one-third of the fecal material had been removed), when checked against 
an average of five to eight random 22 mm. sq. cover-glass samplings of unproc- 
essed feces, (b) Triton and TAA"een-80 proved to be good wetting agents 
but were consistently inferior to other reagents because they SAvelled the bulk 
of the sediment. For that reason 0.1 per cent was less efficient than 0.05 per 
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cent, but even the latter was little better than tapwater vuthout a reagent, 
(c) Iron alum always caused rapid and almost complete precipitation of par- 
ticulate material in the suspension, hence none of the eggs were caught in the 
surface film or in the supernatant fluid after a period of a half-hour or more, 
and thus none Avere poured off. Hence, the total yield of eggs in the sediment 
was practicall 3 ’’ the total of eggs in the original sample of feces. However, 
iron alum swelled the bulk of sediment so that a given fraction at times yielded 
no more than tapwater sedimentation. When N/10 KOH was tested side-by- 
side with 0.5 per cent gh'cerin and with 0.5 per cent glycerin + N/10 KOH, 
the N/10 KOH alone jnelded only 15 per cent of the number of eggs recovered 
bj’’ 0.5 per cent glj’cerin, while the combination of the two reagents gave only 
one-half the jdeld of gl 3 'cerin alone. Sodium sulphate was ver 3 ’’ satisfactory 
in dissohdng mucus and cleaning the surface of egg shells but caused appro.vi- 
matel 3 ’ a 20 per cent swelling in the bulk of the sediment. In association with 
gl 3 ’cerin it neither increased nor decreased the egg 3 deld, although it added to 
the clearness of outline of the eggs and therefore simplified identification. 

From its earliest application 0.5 per cent gl 3 ’’cerm in tapwater proved to be 
ver 3 ' successful in pro\dding an egg 3 'ield Avhich was consistentl 3 ’’ good, usually 
3 delding three- to twenty-fold or more concentration per 22 mm. square cover- 
glass compared with an average of direct fecal films. Tlie eggs of all stages 
were well presen'cd and the mature viable ones, on being washed in filtered 
river water Avith a pH of 7.6, readily hatched. 

Relation of sampling to total number of eggs in sediment. — ^As indicated above 
imder “Material and Technics,” it AA'as decided to take samplings of the sediment 
just sufficient to be coA^ered conA’-enientl 3 '' by a 22 mm. square coA^er-glass. This 
amounted to 0.1 ml. To obtain an aA'erage sampling of the entire sediment, 
one 0.1 ml. amount AA-as draAAm up from the top la3’^er of sediment, another from 
the middle and a third from the bottom. 

In repeated tests (utilizing both human and dog’s stools) there was no con- 
Bistenc 3 ’' in highest egg concentration from the different strata. The egg 3 delds 
from three 0.1 ml. samplings of sediment in nine representatKe tests are sum- 
marized in table 1. 

Relation of egg yield to number of decantations. — ^Although a very turbid sus- 
pension in tapAA'ater or 0.5 per cent gtycerin in tapAA'ater, Avith or without 0.05 
per cent Triton, might require five to seven decantations for the supernatant 
fluid to become perfectly clear, an attempt was made to reduce the decantations 
to three. With glyceiinated AA^ater as the sedimenting medium, counts AA'ere 
made on three 0.1 ml. amounts of sediment folloAving one, tAvo and three de- 
cantations. The number of eggs recoA'^ered from the 0.3 ml. sampling compared 
with the combined three 0.1 ml. samplings plus residue indicated that the 0.3 ml. 
amount after one decantation yielded 21.5 per cent of all the eggs, the 0.3 ml. 
amount after tAA'o decantations yielded 25.8 per cent and the 0.3 ml. amount 
after three decantations yielded 36.9 per cent of the total number of eggs in the 
container. Additional tests have demonstrated that more than three resuspen- 
sions and decantations do not justify the time employed. 
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Time allowed for sedimentation . — ^This depended on the type of stool which 
was being processed. Occasionally the turbidity of the supernatant fluid was 
not removed completely, even when an excess of Triton or of alum was added 
again and again. Usually, however, one to tw^o hours was employed for the first 
settling, 30 to 45 minutes for the second and 30 minutes for the third and last 
sedimentation. Frequently within two and one-half to three hours after the 
sedimentation was begun it was practical to draw off material for microscopic 
examination, with the evidence that good concentration had been obtained. 

Eggs 'poured off in “water of decantation . — In order to gain some idea of the per- 
centage of eggs in 5 gms. of the original unprocessed stool \vhich were lost when 
the supernatant fluid was poured off the sediment, in certain tests each of the 
three volumes of water decanted was separately centrifugalized and the total 
centrifugate searched for eggs, for comparison with the three 0.1 ml. samplings 

TABLE 1 


Egg 'yield from three 0.1 ml. samplings of sediment compared 'with total yield from sediment 
derived from 5 grams of stool and three direct fecal films 
(Utilizing dog’s stool) 


SEDIIIENTATIOK TECHKIC 

THREE 0.1 
ML. 

SAMPLINGS 

% OF TOTAL 
EGGS IN 
SEDIMENT 

TOTAL 
EGGS IN ; 
SEDIMENT 

EGGS 

TRAPPED IN 
GAUZE* 

EGGS IN 
SURFACE 
FILM* 

EGGS IN 
DIRECT FE- 
CAL FILMS 

apparent 

CON'CEN- 

TRATIOS 

(1) 8 nig.% alum .... 

467 

33.0 

1415 

2 

0 

133 

3.5 

(2) 0.5% glycerin 

1564 

59.9 

2611 

0 

0 

250 

6.26 

(3) Idem 

47 

53.4 

88 

1 

1 1 

3 

15.6 

(4) Idem..* 

175 

29.4 

596 

0 

1 (shell) 

9 

19.4 

(5) Idem 

243 

31.1 

782 

4 

0 

7 

34.7 

(6) Idem 

41 

42.7 

96 

0 

0 

2 

20.5 

(7) Idem 

5 

45.4 

11 

0 

0 

0 


(8) Idem 

(9) 0.5% glycerin 4- 

378 

24.1 

1570 

19 

0 

7 

54.0 

0.5% Na.SOj 

51 

42-5 

121 

0 

0 

2 

25.0 


• Sample tests only, not total counts. 


and residue of original sediment. A representative experiment, in which 0.5 
per cent gl 3 ’’cerin in tapwater was emploj’^ed, provided the following results: 
The centrifugate (0.6 ml.) from the first decantation contained 21 eggs; from the 
second decantation, (0.5 ml.), 12 eggs; from the third decantation (0.5 ml.), 
33 eggs; the three 0.1 ml. samplings of original sediment, 691 eggs; residue sedi- 
ment (2.5 ml.) 1327 eggs. Thus, only 3.2 per cent of all eggs in the original 5 
gms. of feces was lost in the pour-off and 33.1 per cent of the total was recovered 
in 0.3 ml. of sedimented feces or in only 6.8 per cent of all sedimented and cen- 
trifugalized material (i.e., 2.8 ml. + 0.6 ml. -f- 0.5 ml. -b 0.5 ml. = 4.4 ml.)> 
Another test was conducted similarly except that Triton (0.05 per cent) was 
added to the decanted water to secure more effective settling of fine particulate 
matter. Seven per cent of the total number of eggs in the original 5 gm. sample 
of stool was lost in the water of decantation and 23.4 per cent of the total was 
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recovered in the 0.3 ml. of original sediment sampled, which was 6.1 per cent of 
the total amount of original sediment plus that obtained from settling of the 
suspended material in the decanted waters. 

Comparison of egg yield in parallel sedimeniaiion. — From time to time, in order 
to serve as a gauge of the equal or unequal distribution of eggs in 5 gm. samplings 
of stools which had been homogenized as thoroughly as possible hy manual 
manipulation, two or more sedimentation glasses were set up side-by-side. 
Representative tests are presented summarily in table 2. 

Summary of experiments on sedimeniaiion. — As a result of a long series of 
tests with yields of diagnosable Schistosoma japonicum eggs of all types by 
sedimentation technics, in which various wetting and precipitating reagents 
were tried, a simple efficient method was developed for the recovery of a rela- 
tively high percentage of the total eggs from 6 gms. of original unprocessed 

TABLE 2 


Comparative egg yields (first three 0.1 ml. of sediment) in parallel sedimentations using 0.6 

per cent glycerin in tapwater 
(Utilizing dog’s stool) 


CLASS 

KO. 1 

NO. 2 

NO. 3 

NO. 4 

NO. 5 


Series 1 

47 

■Hh 




Feces with mucus 

Scries 2 

146 





Semi-formed feces 

Series 3 

31 

16 




Formed feces 

Series 4 

52 

51 




Semi-formed feces 

Series 5 

175 

143 




Semi-formed, homogenous 

Series 6 

6 

4 

4 

1 

5 

Well-formed feces 

Series 7 

3 

1 

1 



Well-formed feces 


The results indicate that approximately equivalent yields can not be predicted on the 
basis of the consistency of the stool. In general, however, a semi -formed stool seems to 
provide a more homogeneous distribution of the eggs than a formed one or one with macro- 
scopic mucus. 

stool in three 0.1 ml. of sediment, or three 22 mm. square coverglass preparations. 
The original stool was thoroughly suspended in 250 ml. of 0.5 per cent glycerin 
in tapwater, strained through four layers of Curity surgical gauze, and allowed 
to sediment for one to two hours. The supernatant water was then carefully 
decanted, the sediment resuspended in 250 ml. of 0.5 per cent glycerinated 
water and again allowed to sediment for about 30 to 45 minutes. After a second 
decantation, resuspension of the sediment in 250 ml. of 0.5 per cent glycerinated 
water and settling of the suspension a third time for about 30 minutes, the .super- 
natant water was poured off and three 0.1 ml. of sediment (one from the top, 
one from the middle and one from the bottom stratum) were drawn off in a 
wide-mouthed pipette provided with a tightly htting rubber bulb of about 
2 to 3 ml. capacity. From 23 to 60 per cent of all eggs in the original 5 gms. of 
stool was recovered from the three coverglass preparations. If there was macro- 
scopic evidence of mucus in the stool, the addition of 0.5 per cent sodium sulphate 
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to the original 0.5 per cent glj'cerin in lap water reduced the likelihood of eggs 
being trapped in mucus flecks, hence being screened out in the gauze. Pre- 
cipitating reagents, as alum, or wetting agents, as Triton, were not found of 
•practical value, since without them only a relatively small number of eggs 
.•(3 to 7 per cent in quantitative tests) were poured off in the decanted waters, 

1 while the addition of these reagents swelled the bulk of the sediment and thus 
diluted the egg yield per volume of sediment. 

Zinc Snlphatc Cenlrifngal Floatation 

Experiments were set up to test the possible diagnostic usefulness of solutions 
. of ZnS 04 as a reagent to separate eggs of S. japonicum by floating them out of a 
suspension of feces. Both 33^ per cent and 40 per cent solutions in distilled 
•water were used. One gm. of feces was thoroughly suspended in about 15 ml. 
of the ZnSO^ solution and then centrifugalized at about 2300 rpm for one minute. 
One-tenth ml. of material each from surface film and from bottom sediment was 

TABLE 3 


Schistosoma japonicum egg yields following cenirifugalization of sedimented stools 

in ZnSOi solutions 
(Utilizing dog’s stool) 


O.l in,, SAMLE REMOVED FEOU 

PREMOUS SEDIMENTATION 
IN TAPWATER 

rSEVTOOS SEOntENTATION 
ON 0.5% OLICERIN IN 
TAPIVATER 

PREVTOtTS SEDIMENTATION 
IN 8 MC. % ALUM IN 
TAPWATER 




33i% ZnSOj 

40% ZnSO< 

33}% ZnSO< 

40% ZaSOi 

Surface film 

0 

18 

— 

30 

14 

13 

Bottom sediment 

74 

64 


53 

43 

47 



Note: Direct fecal films (22 mm. square coverglasses) averaged 71 eggs. Sedimenta- 
tion in tapwater yielded 171 eggs; in 0.5 per cent glycerin in tapwater, 254 eggs; in 8 mg. per 
cent alum 263 eggs. Each of these egg yields was obtained from 0.1 ml. of bottom sedi- 
ment. 

then removed and examined. Results are shown in table 3. Only a few dis- 
torted eggs were occasionally recovered from the surface film, while those in 
the sediment were distorted and were no more concentrated than in direct fecal 
films. 

Attempts were then made to float eggs out of sediment obtained from 3 tap- 
water suspensions and decantations, similar treatment from 0.5 per cent glycerin 
in tapwater and from 8 mg. per cent alum in tapwater. Both 33J and 40 per 
cent ZnS 04 were tested. The technic of centrifugalization was similar to that 
described in the paragraph immediately above, except that one ml. of sediment 
rather than unprocessed feces was utilized. The results are recorded in table 3. 

Inspection of table 3 indicates the poor yield of eggs in the surface film and 
even the relatively mediocre jdeld in the bottom sediment following the zinc 
sulphate technic. While in some instances 40 per cent ZnS 04 solution was su- 
perior to 33§ per cent solution, this was not usual. In all instances the eggs 
were so distorted that diagnostic recognition was endangered. 
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These experiments 'n’ere repeated twice, both with original stool and sediment, 
with similar results. The technic was thereafter abandoned as not suitable for- 
use in the diagnosis of S. japonicum eggs. 

■ Tn'o series of tests were conducted with sodium sulphate solution haling a-' 
specific gravity of 1.18 in an attempt to obtain satisfactory centrifugal floatation.. 
Eggs remained in the bottom sediment and were badly shrunken. Finally 
formalin-fixed ZnS04 and Na2S04 centrifugal floatation tests were carried out. • 
In this series the surface film gave negligible results and the bottom sediment 
never equalled that of direct glycerin sedimentation. 

Ether Centrifugalization 

Before ether concentration technics were investigated, sedimentation with 
0.5 per cent glycerin in tapwater had been standardized as a dependable concen- ' 
tration method, so that direct fecal film counts and sedimentation counts were 
always made as controls of all ether centrifugalizations. Likewise, sample 
counts were alwa3’’S made on the number of eggs trapped in the gauze and those" ' 
which remained in the interphase film between the ether and the heavier reagent 
(or reagents). In the beginning of this study quantitative counts were also 
made to determine the optimum number of Curity gauze layers required for 
maximum egg yield, beginning with no gauze screening and increasing to four. 
The results indicated that two la3’'ers rather consistently provided the highest 
egg hai-vest in the centrifugate. 

The electric centrifuge available in the Philippines was a laborator3’" angle-arm 
model for use with 110 volts alternating current. At the time no opportunit3’’ 
was afforded for calibrating its speeds, so that estimates of 1500 and 2300 rpm 
were made on the basis of pre^^ous experience with this model. Following 
return of the senior investigator to New Orleans calibration of the same model 
was made and the speed estimates were verified. In addition, several tests 
were made on fecal samples containing S.japonicum eggs in comparing the results 
obtained with the angle-arm and the International clinical centrifuge at these 
two speeds. The almost identical enriclunents obtained indicated that the.se 
two t3Ties of centrifuges ma3' be emplo3"ed with the relative certainty that the 
teclinic will be carried out equalb' well. 

Hydrochloric acid-cUier technic. — ^This was set up in an attempt to duplicate 
the work of Mathicson and Stoll (5) on S.japonicum stools, the technic of which 
had been published b3' hlackie. Hunter and Worth (8). The test was carried out 
several times. In each instance all of the centrifugalized sediment was c.x- 
amined microscopical^' and all of the eggs present in the films were counted. 
The results are presented in table 4. The evidence was convincing that this 
technic was superior to direct fecal films but was never better than, and usuall3' 
inferior to sedimentation in 0.5 per cent gb'cerin in tapwater. 

HCl + Triton-cthcr technic. — ^Because of the inferiorit3' of HCl-ethcr ccnlrifu- 
galization to gh'cerin -tapwater sedimentation in the .above-described tests and 
because unpublished information of the success of Weller and Dammin fG) who 
used the detergent Triton XE with IICl and ether in concentrating S. man.'oni 
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eggs from feces, comparative tests ^Yith and without this reagent were under- 
taken. In series no. 3 of table 4, in which the HCl-ether centrifugate contained 
no eggs, the parallel tests with HCl + Triton-ether provided 25 eggs in one tube 
and 41 in another. This led to an inquiry into the reason for the remarkable 
difference in yields. 

Observations had previously been made that sedimented material contained 
not only mature viable eggs of S. japonicvm but an appreciable proportion of 
immature and degenerate ones, including occasional calcified eggs. Only mature 
eggs were recovered in the HCl-ether treated feces, while in the HCl -f Triton - 
ether centrifugate all stages were obtained except calcified specimens. 

A one-gm. sample of human feces containing many S. japonicum eggs of all 
tjqjes, as determined by direct fecal film examination, was first treated with 
5 ml. of 40 per cent stock HCl (15 per cent cone. HCl) and the reagent thoroughly 

TABLE 4 


Comparative results of direct fecal film, three 0.1 ml. of 0.6% glyccrin-scdimentcd feces and 

HCl-ether centrifugate 
(Utilizing dog’s stool) 


SEKIES NO. 

DIRECT EECAL EILM 

GLYCERIN SEDIMENTATION 

HCI-etheb technic 

Gauze 

sample 

3 X 0.1 ml. 

Gauze 

sample 

Interphase 

film 

Total cen- 
trifugate 

1 

17, 10, 6, 12, 23, 

4 

66 + 73 + 92 = 231 

(1) 9 

72 



21, 18; av. 15 


1 

(2) 12 

97 

44 

2 

2, 0,1,0, 2,1,2, 

HI 

9 + 12 + 18 = 39 


0 

7 


1; av. 1.1 


6 + 5 8 = 19 


1 

9 

3 

0, 1, 0, 3, 0, 0, 0, 

(1) 0 


1 

2 

0 


2; av. 0.75 

(2) 0 

ISuIBi 




4 

2, 2, 1, 1, 0, 1,0, 

0 

35 + 17 + 16 = 68 

0 

0 

10 


0; av. 0.87 







stirred into the feces to make a homogeneous mixture. Examination under the 
microscope showed good fixation of the eggs but no apparent loss or distortion of 
any except the calcified ones. Then 5 ml. of ether were added, gently stirred in 
and microscopic examination made of a small sample. No change had occurred. 
Next the mixture was vigorously shaken and a film of the shaken mixture im- 
mediately examined. Within a period of ten seconds some eggs, particularly 
the immature and degenerate ones, were becoming decorticated and the contents 
vacuolated, while others, including mature ones, were becoming swollen, with 
ballooned shells which “popped” during the short period of observation. A 
comparative test showed that with the addition of the Triton (0.6 ml. of 10 per 
cent solution) to the HCl before mixture with the feces this distortion and de- 
struction of eggs was materially reduced. Thereafter HCl-ether alone was 
never employed. 
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Comparative studies were made between the efficiency of Triton and Tween-80 
(another detergent available for trial). Likewise KOH (9.75 per cent, equiva- 
lent mol. wt. of 40 per cent HCl) was tested alone, with Triton and with Tween- 
80. The results of lengthy tests in which these four reagent combinations were 
compared are presented in table 5. 


TABLE 5 


Comparative efficiencies of HCl and KOH with Triton and Tween-80 in recovery of 

S. japonicum eggs 
(Utilizing dog’s stool) 


SERIES 

KO. 

DIRECT mit 

SEOntENT 
(OJ Ut) 

HCl + TJUTON- 
ETHER 

HCl + TWEEN- 
80-ETHEE 

KOH TRITON- 
ETHER 

■ KOH+tween- 
80-etbee 

1 

63, 74, 67; av. 68 ' 

1026 

282 


2693 


2 

1, 0, 0, 0, 1, 0, 0, 0; av. 
0.25 

78 

45 

21 

9 

0 

3 

0, 1, 3, 0, 0, 2, 2, 2; av. 
1.25 

38 1 

1 

11 

27 

42 

8 

4 

1, 3, 1, 1, 1, 0, 1, 0; av. 
1.0 

83 

i 

100 

100 

10 

100 

5 

6, 6, 4, 0, 5, 4, 3, 5; av. 
4.1 

127 

246 

63 

5 

22 

6 

0, 0, 1; av. 0.33 

3 

7 

3 

2 

< 

2 

7 

3, 9, 4; av. 5.3 

126 

165 




8 

0, 0, 0 

m 

1 

1 

1 

2 

1 

9 

0, 0, 0 

■ 

0 

0 

0 

1 

10 

8, 9, 3; av. 7 

146 

86 

53 

148 

44 

11 

3, 1, 0, 0, 1, 0, 0, 0; av. 
0.63 

31 

49 

15 

74 


12 

1, 0, 1. 0, 0, 0, 0, 0; av. 
0.25 

52 

13 

27 

21 


13 

2, 1, 5, 2, 2, 3, 4, 5; av. 

3 

i 

175 

81 

213 

3 



The results of the tests summarized in table 5 indicate that direct sedimenta- 
tion in 0.5 per cent glycerinated water and the ether centrifugalization technics 
almost invariably but not always provide egg yields many-fold greater than 
direct fecal ffims. While at times the ether technics tested give a better count 
than sedimentation, no single ether technic showed consistent superiority. 
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jjQi _j_ Triton-ether excelled in five of the thirteen tests; HCl + Tween-SO-ether 
was superior in two; KOH -f Triton-ether, was best in three and equivalent 
(148 vs. 146) in one, and KOH + Tween-80-ether, in only one. Had there 
been four sets of sedimentation tests set up in each series it seems possible that 
the advantage would have been consistently in favor of sedimentation. In 
series 8 and 9 the concentrates provided diagnosable eggs when the direct films 
were negative. 

The inequalities and inconsistencies in the four ether concentration technics 
are not necessarily due to inherent faults in the technics. It seems more probable 
that they are the outcome of differences in the distribution of the eggs in the 
stools. Thus, the unusually heavy yield for KOH -}- Triton-ether in series no. 1 
compared with HCl + Triton-ether may possibly have resulted from this in- 
equality in distribution. In view of the demonstrated unequal distribution of 
eggs in 5-gm. samples used in sedimentation the chance of this inequality in 
one-gm. samples is much greater. 

Additional studies on distortion and destruction of eggs hy reagents employedin 
ether centrifugalization. — ^As the tests progressed there was some evidence that 
some egg loss occurred through destruction when HCl -)- Triton-ether technic 
was employed. This possibility was therefore investigated. 

One ml. of a semi-liquid human stool containing many S. japonicum eggs was 
suspended in 5 ml. HCl -f 0.06 ml. Triton and allowed to settle. Before screen- 
ing through gauze 0.2 ml. of the sediment was drawn off and all eggs found were 
studied for any changes which might have resulted from contact with the re- 
agents. There were 10 immature, 46 mature and 8 degenerate eggs, all of which 
were similar to eggs previously seen in direct films. 

After screening, 6 ml. of ether were added, the mixture was gently agitated 
and after 30 seconds 0.2 ml. of sediment was removed for examination. Of the 
eggs found the majority were mature, including about 20 per cent with thinned, 
swollen shells. A few degenerate eggs were in the process of decortication. 

Ke.xt the residue was thoroughly shaken and centrifugalized at 1500 rpm for 
one minute. Both total sediment and interphase film were examined. The 
sediment contained approximately 2000 eggs, 90 per cent of which were readily 
diagnosable. The remainder were badly distorted and some were ballooned. 
Onl 3 ’- one partly decorticated degenerate egg was found. Several immature eggs 
were discovered, all of Avhich became distorted, or popped open and disintegrated 
as observation continued. The interphase film contained 13 diagnosable imma- 
ture and mature eggs, together with 17 immature and degenerate ones which 
were diagnostic risks. Paralleling this progressive test of the action of the re- 
agents on the eggs, one ml. of the same stool was routineh’’ processed by the HCl 
-{- Triton-ether method. The results were as follows: Gauze sample, 71 eggs of 
different tj^ies and stages of disintegration; interphase film (complete count), 
4 immature, badh' digested eggs, 3 mature, partly digested or disintegrating 
ones which were diagnosable, one empty shell and no degenerate ones; sediment, 
2893 eggs, most of which were readily diagnosable. 

Tills study indicated that.wliile Triton quantitatively improved the egg 3 deld 
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as compared with HCl-ether alone, a considerable number of eggs were being 
distorted or destro5''ed. Thus, destruction of some of the eggs M'as giving a 
lower egg count than the actual one, while distortion of an appreciable number 
was endangering accurate quantitative counts. Immature, and particularly 
degenerate eggs were almost always distorted or destro3'^ed. In a microscopic 
check of eggs in stools following chemotherapy, degenerate and immature eggs 
would almost certainly be destro3’’ed, providing a possible false negative finding. 

In order to determine the effect of other reagents supplementing or replacing 
HCl in the ether centrifugalization technic several new series of tests were under- 
taken. Formalin fixation of the eggs was attempted by adding 0.25 ml. of 40 
per cent (stock) formaIdeh3''de to 5 ml. of 40 per. cent HCl, and simi]arl3’’ to 5 ml. 
of 40 per cent HCl + 0.06 ml, concentrated Triton. Qualitatively the eggs 
were in a good state of presen’^ation, with relativel3’' few ballooned eg^ and no 
badly distorted ones. However, degenerate eggs were lacking and the total 
count was comparatively inferior. 

Potassium hydroxide (9.75 per cent solution) was next used as a substitute 
for h3'’drochloric acid and proved to be on the average as satisfactory as the 
latter when each v'as combined with a small amount of Triton or Tween-80 as a 
wetting agent. The comparative results have alread3’’ been presented in table 5. 

The extensive series of tests with HCl and KOH treatment of stool, each 
with Triton and Thveen-SO as a ^vetting agent, indicated that an ideal ether cen- 
trifugalization method for concentrating eggs of Schisiosoma japonictim had not 
been developed. It had previously been shown that, v’hen HCl is combined 
with ether and the mixture is vigorously agitated, a considerable portion of the 
total eggs are destroyed or distorted beyond diagnosable quahty. While Triton 
increased the total 3'ield, probably due to its wetting action, and therefore 
prevented screening out of man3^ eggs in the gauze, and possibl3’’ to some extent 
in reducing the action of HCl in its pln’-sical combination with ether during 
centrifugalization, some eggs, particularl3’’ immature ones, w'ere known to have 
been distorted, some were seen to be undergoing disintegration and degenerate 
ones at times had completeb’’ disappeared. Moreover, calcified eggs were 
inevitably lost through the chemical action of HCl. KOH, in an aqueous solu- 
tion having the gram molecular weight of the HCl solution cmplo3'ed, showed no 
evidence of qualitative loss, so that immature and degenerate eggs sundved 
centrifugalization with ether, 3'et the total 3ield was not visual^' as good as 
gb'cerin sedimentation. Na:S04 was next emplo3'cd as a supplement to IICl. 

Na^iSOi as a reagent in ether centrifugalization. — As a result of extensive c.x- 
perience sodium sulphate is knowm to be a solvent for intestinal mucus. If con- 
stitutes a ver3' satisfactoi^' pre-treatment purgative before the administration 
of an anthelmintic for the elimination of hookworms or tapeworms which h.avc 
theirheads embedded in mucus of the smalt bowel. Five per cent solution of the 
salt sen-es as an c.xccllcnt solvent for the mucous-like secretion of S. japor.icum 
eggs, which accumulates on the outside of the shell and causes an agglomeration 
of cellular debris (7), It was therefore believed that it had properties which 
dcseiwed careful slud3’. 
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Because of the differences in water content of sodium sulphate XJ.S.P., even 
when in a previously unopened, tightly stoppered bottle, it was found necessary 
to make up a solution in water on the basis of specific gravity rather than grams 
per liter. Empirically this was tried in the same concentration as 40 per cent 
stock solution of HCl, since it was to be used as a partial replacement of this 
reagent in the ether centrifugalization technic. This proxdded a specific gravity 
of 1.08. 

A preliminary series of experiments, in which Na:S04 was included, was carried 
out on a freshly passed stool of a patient who was discharging relatively few eggs 
of S. japonicum, many of which were degenerate. Direct fecal films (total 8) 
averaged 2 eggs per film. Glycerinated water sedimentation on 5 gms. of stool 
gave an egg jdeld of 378 for three 0.1 ml. of sediment, or 24 per cent of the total 
number of eggs in the entire sediment (3.5 ml.). 

The ether technics utilized for comparison were as follows: KOH + Triton- 
ether; HCl + Triton-ether ; HCl (2.5 ml. of 40 per cent cone.) -j- NajSO^ (2.5 ml. 
of sp. gr. 1.08) -k Triton (0.06 ml. of cone. sol.)-ether, and HCl (3.0 ml. of 40 per 
cent cone.) -k ZnS04 (2 ml. of 33.5 per cent sol.) -k Triton (0.06 ml. of conc.sol.)- 
ether. Although another member of the Commission, Major George W. Hunter 
III, Sn.C., had undertaken preliminary work with HCl, NaiS04 and Triton in 
ether centrifugalization before he joined the Commission (9, 10), neither his 
reagents nor technic were knorni to the senior investigator until after this series 
of tests had been initiated. ZnS04 was tested at the suggestion of Lt. Col. 
Harry J. Bennett, who w'as on temporary duty assigned to the Commission. 

KOH -k Triton-ether jdelded 28 eggs in the centrifugate and 37 eggs in the 
interphase film; HCl -k Triton-ether, 198 eggs and 3 eggs respectively; HCl 
-k Na2S04 -k Triton-ether, 422 eggs and 0 eggs respectively, and HCl -k ZnS04 
-k Triton-ether, 338 eggs and 7 eggs respectively. Both of the latter two tech- 
nics provided eggs of excellent diagnosable quality and on the basis of their 
superior yield promised much for further tests. 

A second series of tests was conducted on a stool of the same patient three days 
later. Eight direct fecal films averaged 2.37 eggs; the firet three 0.1 ml. of 
sediment from 5 gms. of stool yielded 243 eggs (31 per cent of total eggs in the 
sediment) ; KOH -k Triton-ether, 178 eggs in centrifugate (with poor fixation) ; 
HCl -k Triton-ether, 214 eggs (with fair fixation) ; HCl -k Na2S04 -k Triton- 
ether, 357 eggs (with good fixation), and HCl -k ZnS04 -k Triton-ether, 153 eggs 
(with fair fixation). This demonstrated the possible superiority of HCl + 
Na2S04 + Triton over all of the other three combinations of reagents tested 
when both quality and quantity of the eggs were considered. 

The following day a third series of tests was run on another patient’s stool, 
with the following results. Eight direct fecal films averaged 0.5 egg; sedimenta- 
tion (firstthree0.1ml.),41 eggs (42 per cent of total eggs in sediment from 5 gms. 
of stool) ; KOH -k Triton-ether, 29 eggs in the centrifugate; HCl -k Triton-ether, 
11 eggs; HCl -k Na2S04 + Triton-ether, 33, and HCl -k ZnS04 -k Triton-ether, 
11 eggs. On the next day’s stool from this patient 8 direct fecal films averaged 
1.1 eggs; the first three 0.1 ml. of glycerinated water sedimentation yielded 55 
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eggs (38 per cent of total in sediment from 5 gms. of stool) ; KOH -f- Triton- 
ether, 0 eggs; HCl + Triton-ether, (a) 28 eggs, (b) 23 eggs; HCl + NazSO* 
-f Triton-ether, (a) 42 eggs, (b) 43 eggs, and HCl. -h ZnS 04 + Triton-ether, 22 
eg^. 

On the basis of these findings it was concluded that NaiSOi, when added to 
HCl + Triton, provided a yield previously unachieved quantitatively and quali- 
tatively in the ether centrifugalization method of concentrating S. japonicum 
eggs. Fewer eggs were trapped in the gauze, due to the action of sodium sul- 
phate in setting eggs free from flecks of mucus and to the ability of this reagent in 

TABLE 6 


Comparative yields of S. japonicum eggs with direct fecal film, sedimentation and ether 
centrifugalization, including sodium sulphate as reagent 
(Patients’ stools utilized in testa nos. 1, 3, 5, 7, 8, 9; dogs’ stools in tests nos, 2, 4, 6) 


SEXIAZ. KO. 

8 PZX£CT FECAL 
FILMS 

SEDlUENTAtlON 

FTQEX CENTXIFUCAUZATXON 

3 X 0,1 ml. 

% Total 

HCl + Triton 

HCl + NasSOi 
+ Triton 

NajSOi + 
Triton 

1 

Av. 2.37 

32 

1 

34.3 

40 

59 

82 

2 

Av. 0.87 

21 

34.4 

22 

62 

12 






29 i 


3 

Av. 0 

3 

23.1 

2 

2 

5 






3 

4 

4 

Av. 39 

691 

34.2 



1518 

5 

Av. 0 

0 


0 


1 

6 

Av. 33.6 

459 • 

28.0 



736 

7 

Av. 0 



2 

2 

2 

8 

Av. 0 

5 

45.6 

9 

13 

7 

9 

Av. 12 

224 

32.1 


273 

496 






310 

427 


inhibiting the destructive physical action of the HCl-ether during centrifugaliza- 
tion. Attention was therefore turned to the possibility that sodium sulphate 
-f Triton, without hydrochloric acid, might prove equally satisfactory and thus 
simplify the technic. 

In order that the above-indicated study might be used for a comparative eval- 
uation of the more promising technics which had already been tested, experi- 
ments were set up as previously, in which direct fecal films, glycerinated water 
sedimentation and three or four ether centrifugalization technics were run in 
combination. Both human and dog’s stools were employed in these tests. The 
results of these tests are summarized in table 6. 
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From these series of tests the follomng conclusions were dra^\Ti. Sedimenta- 
tion (with 0.5 per cent glycerin in tapwater) has a sustained yield several to 
many-fold that of direct fecal film. The HCl -f Triton-ether technic is not 
particularly superior to this sedimentation. Wherever HCl -f Triton was 
employed in series with HCl + NaaSO^ + Triton, the latter was frequently 
superior, never inferior to the former. In the comparative tests of HCl + 
Na2S04 + Triton and Na 2 S 04 -f Triton, the latter produced higher yields five 
times, lower jdelds twice, and equivalent yield once. In series no. 5 Na2S04 
-1- Triton provided the onlj>' positive diagnosis. 

In conjunction with the above tests a careful qualitative study was made of the 
types of eggs found at successive stages of the three ether technics. T^is is 
presented in table 7. 

In a later series of tests carried out by the senior investigator in New Orleans 
the number and percentage of eggs of different types of maturity and degenera- 
tion were obtained from studies on direct fecal films, gl^’^cerinated water sedi- 
mentation and different, ether technics. These findings are recorded in table 8. 

These data indicate that the increment in yield in the ether technics in which 
sodium sulphate is a reagent may be due in part to an added number of mature 
viable eggs but is primarily the result of the preservation in a diagnosable state 
of degenerate eggs. This is particularly important in chronic infections, in 
those undergoing antimony therapy where killed eggs are being evacuated and 
in cases where eggs may have undergone degenerative changes in putrefying 
stools before laboratory diagnosis has been undertaken. 

In view of the apparent superior performance of ether technics in which 
Na 2 S 04 either supplements or supplants HCl, and since the solution of Na 2 S 04 
originally employed was empirically on the basis of the same specific gravity as 
that of the HCl (5), (i.e., 1.08), it was deemed advisable to determine if this 
was optimum. Furthermore, it was important to find out if the speed of the 
centrifuge as employed (i.e., 1500 rpm) and the time of centrifugalization (i.e., 
2 minutes) were optimal. The tests to study these factors were carried out by 
•the senior investigator in New Orleans and are summarized in table 9. 

The experiments presented in table 9 were somewhat limited because of scanti- 
ness of material in New Orleans at the time they were conducted. Those in 
Series I were carried out on one-gram specimens from a single stool and those in 
Series II- on one-half-gram specimens from a single stool of a different subject. 

Previous experience on Leyte, P. I. had conclusively demonstrated that cen- 
trifuge speeds less than 1500 rpm were not efficient in concentrating eggs of 
S. japonicum. Series II similarly indicates that 2300 rpm is not optimum. 
In speeds of less than 1500 rpm in angled or clinical centrifuges for 15 ml. tubes 
an appreciable number of eggs are not centrifugalized but remain in the super- 
nant fluid, particularly in the interphase film between the ether and aqueous 
solution. At 2300 rpm this was not the case: the loss in eggs was apparently 
due to their destruction, since they were not found in any portion of the tube’s 
contents, while in II (c) those recovered were abnomal in appearance. With 
the centrifuges employed there were no intermediate speeds between 1500 and 
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2300 rpm. Thus, it may be tentatively concluded that 1500 rpm is approxi- 
mately the most satisfactory speed for concentrating eggs of S. japonicum, 

TABLE 7 


Progressive examination of S. japonicum eggs at successive stages in ether 
centrifugalizalion technics 
(Utilizing dog’s stool) 


STAGE WHEN 
EXAMINED 

(1) HCI -1- TRITON-ETHER 

(2) HC! + NaiSOi -f 

TRITON-ETHER 

(3) NasSOl -p TRITON-ETHER 

Stool suspension 
after shaking 
in reagent but 
before screen- 
ing 

Eggs well fixed but 
some suggestion 
of swelling and 
thinning of shell; 
no destruction or 
disintegration of 
eggs evident 

Practically all imma- 
ture and mature eggs 
less rotund than in 
(1); Degenerate eggs 
unmodified; all eggs 
more highly retrac- 
tile and less blanched 
than in (1) 

All type of eggs, in- 
cluding calcified ones 
normal in every re- 
spect; some trapped 
in mucus; many fatty 
globules in film 

After screening 
through 2 
layers of 
dampened 
gauze and 
gently shaldng 
with ether 

Most mature viable 
eggs more rotund 
than normal ; sev- 
eral immature and 
degenerate ones 
with split shells; 
one degenerate egg 
shrunken; no pro- 
gressive disinteg- 
ration while 

viewed under mi- 
croscope 

No changes from nor- 
mal 

Eggs very highly re- 
tractile like bubbles 
in glass; normal in 
appearance under 4 
mm. objective; few 
still trapped in mu- 
cus; some fatty glob- 
ules in film 

After centrifu- 
galization : 

A. Interphase 
film 

All eggs diagnosable 
but several split 
shells 

No mature eggs seen ; a 
few shrunken ones; 
no degenerate forms 
observed; one shell 

Only 3 normal imma- 
ture eggs seen; some 
mucus and oil glob- 
ules 

B. Centrigate 

A few hundred ro- 
tund, readily di- 
agnosable mature 
eggs; very few im- 
mature ones; no 
degenerate ones 
found 

Hundreds of well pre- 
served mature and 
nearly mature eggs- 
no early immature 
ones or degenerate 
ones found 

Hundred of eggs in e.x- 
cellent diagnosable 
state; shell surface 
clean and smooth; 
internal structure of 
miracidia ver 3 ' nearlj' 
normal in appear- 
ance; appreciable 

number of degenerate 
and calcified eggs 


treated with HCl -1- Na 2 S 04 + Triton-ether or Na 2 S 04 -f- Triton-ether and 
centrifugalized for 2 minutes in the usual type of clinical laboratory Centrifuges. 
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TABLK 8 


Number and percentage of S. japonieum eggx of different type.% observed in direct fecal film, 
glyccrinatcd water eedimentation and different ether teehuirs 
(UtilirinR (Io^’h fltool) 


TT.aisnc 

VlADLt 

IMUATURr 

VIAIMX UATUIE 

‘ j 

1 1 

1 ! 

i 

CALCtftED 1 


Direct Fecal Film 
(one 22 mm. sq.) 

M (1S%) 

35 (30%) 

■ 

•1 (•}%) 

90 (100%) 

Sedimentation 
(5 gms.) 

3 X 0.1 ml. sediment 
Total sediment 

Decanted water 

20 (1S%) 

20 ( 5.0%) 

0 

23 (20%) 
113(32.4%) 
2(11.1%) 

03 (50%) 
200 (50.8%) 
15 (S3.3%.) 

C (5%) 
7(2.0%) 

1 (5.0%) 

112 (1007c) 

310 (100%) 
IS (1007c) 

Ether Technics 
(/ gm. each) 

IICl + Triton 

HCl + Na;S 04 + Triton 
NajSO^ + Triton 

12 ( 5.0%) 

9( 2.3%) 

M ( 2.8%) 

107 (82.3%) 

313(79.0%) 

201(59.9%) 

21(11.8%) 
71 (IS.0%) 
IGG (33.5%) 

■ 

203 (1007c) 
303 (100%) 
19G (103%) 


TABLE 9 

Effects of different concentrations of sodium sulphate solution in ether technic, speed of 
centrifugalization and lime of centrifugalization on the yield of diagnosable S. 

japonieum eggs 


(Utilizing dog’s stool) 


REACEKTS ElirtOVED 

sr. CR. 
NfljSOi 


CENTRirUCC 

TIME 

ECO YIELD 

Im. 

M.v. 

DCS. 

Calc. 

Total 

Series I 









HCl + NajSOi + Triton 

(a) l.OS 


2 min. 

0 

5 

s 

0 

13 


(b) l.OS 


2 min. 

0 

n 

5 

0 

IG 


(c) l.OS 


2 min. 

0 

7 

0 

0 

7 

Na2S04 + Triton 

(d) l.OS 


2 min. 

0 

7 

10 

0 

17 


(e) l.OS 

b] 

2 min. 

0 

0 

0 

0 

0 

Series 11 









HCl + NaiS 04 + Triton 

(a) l.OS 

1500 

2 min. 

9 

212 

71 

0 

393 


(b( 1.08 

1500 

2 min. 

0 

374 

142 

0 

522 


(c) 1.08 

1500 

1 min. 

3 

2G5 

42 

0 

310 


(d) l.OG 

1500 

2 min. 

5 

200 

G8 

0 

273 


(e) 1.12 

1500 

2 min. 

0 

3G1* 

121 

3t 

485 

NajS04 + Triton 

(f) 1.08 

1500 

2 min. 

14 

294 

166 

22 

49G 


(g) 1.08 

1500 

2 min. 

3 

125 

277 

22 

427 


(h) 1.08 

1500 

1 min. 

10 

105 

187 

13 

315 


(i) 1.06 

1500 

2 min. 

2 

42 

198 

3 

245 


(3) 1.12 

1500 

2 min. 

2 

113* 

126 

8 

249 


(k) 1.06 

1500 

1 min. 

6 

144 

98 

11 

259 


Legend: Im., immature; M-v., mature, viable; Deg., degenerate; Calc., calcified. 
* Many of these were dimpled on one side or partly collapsed, 
t Single instance observed with HCl as reagent. 
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This series therefore indicates that the extensive experiments previously carried 
out with ether centrifugalization were within satisfactory limits of centrifuge 
speed. 

In Series II there is evidence that one minute centrifugalization produces 
a lower egg concentration than 2 minutes. Moreover, at 2 minutes operation 
with 1500 rpm the number of eggs trapped in the interphase film or in the ether 
and aqueous solution above the centrifugate is very small when HCl + Na 2 S 04 
+ Triton or NaiS 04 + Triton are the reagents in which the particulate material 
in the positive stool is suspended. Before Triton and Na 2 S 04 were employed 
the interphase film with HCl-ether had been conspicuous for the number of eggs 
which it trapped. (See table 4, above.) 

DISCUSSION 

Progress summaries have been provided in the presentation of the data in 
order that the reader might know why various modifications of basic technics 
were attempted and what results were obtained in comparison with those secured 
bj^ the unmodified technics. Thus, the investigation developed into a step-by- 
step improvement of a few basic teclmics and the discarding of man 3 ’' tested 
modifications which were better than the originals but not equal to the best 
quantitativel}', qualitative!)' or in reliability. 

Sedimentation. — ^iS’o detailed discussion is needed to inteipret the usefulness 
of sedimentation in the recovery of S. japonicum eggs from feces. The extensive 
tests carried out in this investigation indicate conclusively that by simple pro- 
cedures Avhich may be carried out routinely in any clinical laboratory very 
considerable concentration of the eggs is effected. Of the many reagents em- 
ployed glycerin in 0.5 per cent concentration in the water of suspension has 
proven to be consistently the best: (1) it is a good wetting agent; (2) it permits 
a very high percentage of the eggs in a stool specimen to sink to the bottom of the 
sedimentation glass, so that very few are poured off during decantation; (3) it 
does not swell the buUc of sediment as do detergents, sodium sulphate, alum or 
potassium hydroxide, so that a maximum number of eggs are present in a greatly 
reduced volume of finely particulate fecal material, and (4) it preser^'es the eggs 
in aU stages of maturity or degeneration in the same state and proportion as 
they existed in the unprocessed stool. 

A few remarks are appropriate with reference to the high yield of eggs in the 
first three 0.1 ml. samplings of sediment utilized as the test of concentration. 
At first these samplings were made entirely for comparison with the average 
direct fecal film. They provided so high a yield that it was deemed desirable to 
discover what percentage of the eggs in the total sediment was recovered in these 
samplings. This was obtained by the laborious process of counting the eggs in 
the entire residue of sediment after the first three 0.1 ml. had been withdrawn. 
The results were unexpected ; namely, from mqre than 20 to as high as 67 per 
cent of the eggs in all of the sediment was pipetted out in the first three 0.3 ml. 
samplings, depending inversely ont he volume of sediment from 5 gms. of stool 
(viz., 3.5 ml. to as little as 0.5 ml.). When the total sediment amounted to 1.5 ml. 
or more, several 22 mm. square coverglass preparations were required to exhaust 
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the residue. It was found that after approximately the first third of the residue 
had been removed for counting, the number of eggs per preparation was gradu- 
ally reduced in subsequent films and in the last few preparations was at times 
zero. Moreover, in specimens from which no eggs were recovered in the first 
three 0.1 ml. samplings, no eggs were found in the residue sediment. The ex- 
planation may lie in the fact that the sediment was stirred up just as little as 
possible at the time each 0.1 ml. was withdrawn but there is also the suggestion 
that the eggs were sucked into the unde-mouthed pipette more rapidly than was 
the smaller (and usually lighter) fecal debris. 

The specific gravity of S. japonicum eggs has not been determined, due to 
the fact that they shrink in the floatation medium (viz., zinc sulphate, sp. gr. 
1.18 to 1.20) usually employed for protozoan cysts and the common helminth 
eggs found in feces, yet they remain in the bottom sediment. 

If the stool specimen is well homogenized, the 5 gm. sample utilized for sedi- 
mentation in glycerinated water udll prove to be adequate in almost every case 
for determining if the stool is positive or negative for 5. japonicum. eggs. Onb'’ 
when practically every egg in the stool specimen is in a mass of mucus is it pos- 
sible that the technic may pro%’ide a false negative. 

The one objection to sedimentation is that it is time-consuming. This is 
more than balanced by the seriousness of schistosomiasis japonica as a disease 
and the importance attached to the laboratory finding, since no method for 
specific diagnosis exists today other than demonstration of the egg of the para- 
site, either by stool examination or from proctoscopic material. 

Zinc sulphate centrifugal floatation. — ^Because the eggs of S. japonicum shrink 
badly but fail to float in zinc sulphate solutions of 1.18 and 1.20 specific gravity, 
this technic is unsuited for concentration of these eggs. Even if they floated 
they would constitute a diagnostic risk, since they are so distorted that they are 
difficult to identify. 

Ether Cenirifugalizaiion. — The modified Telemann HCl-ether centrifugaliza- 
tion technic, as employed by Mathieson and Stoll (5), has been demonstrated by 
the present investigators usually to provide superiority over direct fecal films 
but on the average to be considerably inferior to glycerinated water sedimenta- 
tion. HCl digests all calcified eggs, in agitation mth ether destroys immature 
and degenerate ones and at times destroys or distorts some of the mature viable 
ones. To some degree the addition of a small amount of the detergent Triton 
(0.06 ml. to 5 ml. of HCl) reduces this mechanical action and thus increases 
the egg 3 deld but it lacks diagnostic safety in so far as immature and degenerate 
eggs are concerned. The one-half replacement of HCl with Na2S04 of the same 
specific gravity (viz., 2.5 ml: 2.5 ml.) in combination with 0.06 ml. of Triton 
NE increases both the quantity and diagnostic quality of the eggs and this com- 
bination of reagents may be regarded as very satisfactory from both vievijoints. 
Complete replacement of HCl with KOH, in combination with Triton IvE, at 
times gave superior yield of eggs of relatively good diagnostic quality but the 
results were not sufficiently consistent to be recommended for routine work. e 

same applies to ZnS04 solution in the ether centrifugalization technic. Similarly, 
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when the detergent Tween -80 was emplcj’-ed instead of Triton NE, the results 
were at times excellent, at other times only moderately good by comparison made 
on the same stool specimen. In the several series of tests, in which NazSO^ 
completely replaced HCl, the consistentlj’’ best results were obtained. In the 
great majority of tests the quantity of eggs was greater than when HCl and 
NaiS04 were utilized half-and-half, due in part to a higher jdeld of mature viable 
eggs but to an even greater degree due to the preservation of all stages of imma- 
ture and degenerate eggs, including calcified ones. The clinical importance of 
Kcoveriag these “at}T)ical” eggs has been stressed previously (7) but can not be 
over-emphasized. 

The changes in the ether centrifugalization technic from HCl to Na 2 S 04 + 
Triton as the aqueous reagent before ether was added were developed by the 
present investigators only after prolonged tests, with intermediate and side 
steps to explore everj' likely possibility of improvement. Granted that com- 
pletelj’’ quantitative data have not been obtained, nevertheless it may be stated 
with considerable certaint}’’ that marked improvement has resulted. In the 
first place, with Na2S04 -f Triton no considerable number of eggs are strained 
out in the gauze. Secondly, eggs are not trapped in the interphase between the 
aqueous solution and the ether. Finall 5 '', eggs freed of mucus and detritus, of 
excellent diagnostic quality and in all stages, occur in the sediment in the same 
proportion as in the unprocessed stool. 

The occasional failure of Na2S04 + Triton-ether to recover eggs when they are 
found by the sedimentation technic is probably not due to an inherent flaw m 
the technic. It will be remembered that eggs of Schistosoma japonicum are 
apt to be very unequallj’’ distributed in the stool specimen. For the ether technic 
only one gram of specimen is processed while five grams are employed in sedi- 
mentation. T^flien two parallel tests were run with the same ether centrifugali- 
zation technic, there was frequently considerable variation in the egg yield. If 
five separate one-gram samples had been ran in series, it is quite likely the egg 
yield from the total- 5 gms. of stool would almost invariably have proven the 
superiority of the Na 2 S 04 -f Triton NE-ether to sedimentation. However, 
this would have increased to five-fold the number of films to be examined and in 
the long nm would have been much more burdensome than sedimentation, in 
which only three cover-glass preparations are used for diagnosis. 

Stools of both infected human beings and dogs were utilized in carrying out 
the various technics. ePuring the earlier part of the investigation a constant 
source of human material was not available while at a later period both human 
and dog’s stools were provided. The comparative study summarized in table 6 
indicates that there was no difference in the behavior of the material from the 
two hosts. Moreover, careful observation has demonstrated that the t 3 T)es of 
eggs evacuated in the stools of recently infected human beings and dogs are 
similar in every respect, as are those in chronic infections of these two hosts. 
Thus, it seems justifiable to conclude that data obtained from infected stools 
of one of the hosts are, within the scope of this investigation, valid for the other 
host. 
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' CONCLUSIONS AND SUMMARl” 

1. Direct fecal films. These should always first be made and examined in all 
cases suspected of having schistosomiasis japonica. Three to eight such films 
provide considerable evidence of the presence of SchistosoTna japonicum eggs in 
the stool and are particularly useful in indicating the unequal distribution of the 
eggs in a stool specimen. Moreover, direct fecal films are especially valuable 
for the examination of flecks of mucus, Avith or Avithout blood, in which nests of 
eggs may be trapped. 

2. Sedimentation. This technic is a simple diagnostic procedure whereby an 
appreciable amount of feces may be processed so that a relatively high con- 
centration of S. japonicum eggs may be effected. For efficiency the specimen 
should be thoroughly homogenized manually, or preferably in an electric mixer. 
It should then be thoroughly suspended in at least tAA'enty-five times as much 
0.5 per cent glycerin in tapAA^ater, then poui'ed through gauze (or wire screening) 
to exclude macroscopic fecal debris. Four layers of Curity surgical gauze haAm 
been found to be very satisfactory for this purpose and serAm to strain out only 
a very small percentage of the total number of S. japonicum eggs in the specimen. 

A wetting agent aids the settling of the eggs. Dilute solutions of potassium 
h 3 ’’droxide, iron alum, sodium sulphate and detergents all expedite sedimentation 
but they increase the bulk of the sediment and to that degree dilute the number 
of eggs per given volume of sediment. On the other hand, 0.5 per cent glycerin 
in tapwater does not saa’^cII the sediment and provides a yield of S. japonicum eggs 
in a completely natural state and in the same proportion as they occur in the 
unprocessed stool. Taa'o and one-half to three hours after initiating sedimenta- 
tion, foUoAA'ing three suspensions and decantations, the final sediment may be 
sampled, Avith the assurance that a verj'' high proportion of all the eggs vdll be 
concentrated in a small volume of sediment. Moreover, three one-tenth 
milliliter samplings taken from the sediment will deliver a high proportion (20 to 
67 per cent) of all the eggs in the original unprocessed stool specimen. 

3. Zinc sulphate centrifugal floatation. This technic is not satisfactory for 
recovery and diagnosis of S. japonicum eggs, since only a small percentage of the 
eggs float. Whether they float or remain in the sediment, they are shrunken and 
frequently constitute a diagnostic risk. 

4. EiJier centrifugalization. The tests may be conducted AA'ith either an 
International clinical laboratory centrifuge or an angle centrifuge, each carrying 
two or four 15 ml. tubes, AA^hich should be graduated! A AA^eighed one-gram 
sample of stool, or if liquid one ml. sample, should be thoroughly homogenized 
in 5 ml. of the aqueous reagent to be employed and poured through tAVO layers of 
Curity surgical gauze into the graduated centrifuge tube. An equal volume of 
ether should be added, the mixture manually shaken up and then centrifugalized 
at 1500 rpm for 2 minutes. The tube is removed from the centrifuge, the inter- 
phase film betAA'een the ether and the aqueous reagent carefully stirred AAuth an 
applicator to permit settling of eggs caught in this layer, the contents allowed to 
settle for a minute and the entire supernatant liquid decanted. The small 
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amount of sediment is then transferred to one or more microscopic slides as 
required and examined for eggs. 

Fifteen per cent hydrochloric acid-ether provides a sediment which usually 
although not invariably gives a higher egg 3ueld than several direct fecal films. 
The mechanical interaction between the HCl and ether during centrifugalization 
destroys or distorts all immature and degenerate eggs, and at times some of the 
mature viable ones. The addition of certain detergents, particularly Triton NE 
(0.06 ml. per 5 ml. of HCl), increases the jdeld of eggs because it partiall}’’ prevents 
their destruction. Hydrochloric acid (15 per cent) + sodium sulphate (sp. gr. 
1.08) half and half -f- Triton is distinctly better than hj^'drochloric acid -j- 
Triton, both in egg jdeld and in diagnostic quafity. Sodium sulphate + Triton 
(without hj'drochloric acid) is usually superior, because it provides all stages of 
the eggs in the sediment in the same proportion as in the unprocessed stool and 
with excellent preservation. When other reagents, as KOH, ZnS04, CHOH and 
the detergent Tween-80, are added to HCl or substituted for HCl, they may at 
times produce excellent concentration and fair to good diagnostic quality of eggs 
in the sediment, but they are not as consistently reliable as is HCl + HaiSOi 
+ Triton or Na2S04 + Triton. 

5. For recoverj’’ of the largest number of S. japonimmi eggs in a small amount 
(one gram) of stool, the Na2S04 + Triton-ether centrifugalization technic is the 
best one wliich has been developed. However, for routine stool examination, 
sedimentation utilizing 0.5 per cent glycerin in water is recommended, because 
the larger amount of stool processed, together with the high concentration of 
S. japonicum eggs in the first three 0.1 milliliter samplings withdraum from the 
sediment, give somewhat greater assurance that, if eggs are present in the 
unprocessed stool, at least some will be recovered from this amount of the 
sediment. Both the Na2S04 + Triton NE-ether centrifugalization technic and 
sedimentation may be depended on to provide eggs of high diagnostic quality, 
including immature, mature, degenerate and calcified ones. 
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THE DE'^T:LOPjMENT of the virus of yellow fever in 
HAEIMAGOGUS MOSQUITOES’ 

iSIARSTON BATES and AlANUEL ROCA-GAECiA 
Yillavicencio Field Laboratory, Villamcencio, Colombia 

I. INTBOCXJCTION 

In a previous article (Bates and Roca-Garcia, 1945a) we described the es- 
tablishment of laboratory cycles of yellow fever virus using haemagogus mos- 
quitoes and local monkeys. In these first experiments we observed that the 
infection of the mosquitoes seemed to depend on several factors, especially the 
amount of virus ingested bj’’ the mosquito and the environmental temperature 
at which the mosquitoes were maintained. More detailed studies of the factors 
governing virus establishment and development in these mosquitoes seemed to 
be warranted, and mth this object in view continuous monkey-haemagogus 
transmission cycles, using a recently isolated virus strain, were maintained under 
laboratory control for a period of a year — ^fourteen complete mosquito-monkey 
cycles. A chart of these passages has been published in connection vdth a study 
of the beha\-ior of the virus in the mammalian hosts (Bates and Roca-Garcia 
1946), and the serial position of any particular lot of infected mosquitoes can 
be determined by reference to this chart. 

When we published our first paper on haemagogus transmission of yellow fever 
virus, we were stiU impressed by the technical difficulties of maintaining cyclic 
transmissions under laboratory control, and we concluded that special studies 
of virus behavior in mosquitoes would be most appropriately made by using as 
source animals monkeys inoculated with known amounts of virus. With more 
experience, we have reversed our opinion, and we now believe that a virus strain 
continuously maintained bj' “natural” cyclic passage provides the most satis- 
factory soimce of material for behavior experiments in either mosquitoes or 
mammals. The mainterance of a vhus strain by this means cannot be under- 
taken as a casual or subordinate part of a laboratory program, but it is far from 
presenting insuperable difficulties if adequate facilities and personnel are dedi- 
cated to the project. It would probably be inadvisable to maintain more than 
one strain of a given attus by this means in a small laboratory because of the 
danger of possible confusion of material — ^always a very real hazard in virus 
experimentation. For this reason, oim experiments have been largely made 
with a single strain of yeUow fever virus, and it is thus impossible in some cases 
to be sure to what extent results are properties of yellow fever \-irus in general, 
and to what extent properties of the particular strain we used. The extent of 
variation among ^drus strains has been indicated in recent publications by work- 

1 The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the Institute of Special Studies “Carlos Finlay main- 
tained by the Ministry of Labor, Hj^giene and Social Welfare of the Republic of Colombia 
and the International Health Division of The Rockefeller Foimdation. 
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crs in Brazil (e.g. Lacmmcrt, 19-14). In general, however, the various South 
American strains seem more similar to each other than any are to the African 
Asibi strain, which has been so extensively used in ex-perimental studies of yellow 
fever; and we have observed nothing that would lead us to suspect that our 
Rodas strain was atj'^pical. 

As we have pointed out previously, the principal factors governing mosquito 
infection with virus seem to be (1) the characteristics of the virus strain, (2) 
the characteristics of the mosquito, (3) the virus dosage ingested, and (4) the 
environment of the mosquito, particularly the environmental temperature. 
We have tried to keep the virus strain factor constant, except for a few special 
experiments with possible modification through mouse brain passage. The 
mosquitoes used have in all cases been wild caught, and thus presumably repre- 
sent a genetically diverse population. It seems very possible that a given wild 
population of haemagogus mosquitoes would include strains of varying virus 
susceptibility, but since we have not succeeded in establishing laboratorj’’ colo- 
nies of the Villavicencio species, it has been impossible to study this factor. The 
virus dosage factor is unquestionably of overwhelming importance in determin- 
ing mosquito infection, but the lack of a precise method of quantitative estima- 
tion of the virus greatly complicates the study of this factor; this, and the effect 
of environmental temperature, have been the chief objects of our study. 

The taxonomy of the mosquitoes of the genus Haemagogus is currently the 
subject of intensive study by several entomologists. The Villavicencio popula- 
tion, referred to in previous papers as Haemagogus capricomii, has been classified 
as a form of Haemagogus spegazzinii in a recent paper by Kumm, Osomo and 
Boshell (1946). The term “haemagogus” in publications from the Wllavicencio 
laboratory may always be taken to refer to this specific population, since no 
other species of the genus seems to be represented in the region. 

II. JIATERIALS AND METHODS 

The materials and methods used in the present series of transmission experi- 
ments have been described in some detail in a previous article (Bates and Roca- 
Garcia, 1945a). Mosquitoes for mouse inoculation were invariably killed vith 
potassium cyanide, since Waddell (1945) has found that this method has no 
injurious effect on the virus content of the insects. We used a large “cyanide 
jar” made up according to the method long used by butterfly collectors: a few 
lumps of potassium cyanide are placed in the bottom of a jar and covered with a 
layer of two or three centimeters of sawdust; a layer of plaster of Paris is poured 
over this, and the plaster is allowed to dry and harden by leaving the jar open 
for 24 hours (somewhere outside of the laboratory!). A jar made up in this 
fashion will continue to give off cyanide fumes for a year or so, and the mos- 
quitoes can be quickly and conveniently killed by placing the tubes that contain 
them inside of the jar; if the tubes are plugged with cotton, this need not be 
removed. Our infected haemagogus Avere always maintained in small tubes 
plugged with wire gauze, and these were very easily handled in the large cyanide 
jar. We also use this method for killing mosquitoes brought in from the field 
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for identification, making a jar large enough to hold our small field cages. The 
method is more convenient and cheaper than the use of chloroform. 

"We have not calculated precise titers and dosages in terms of mouse m.l.d. 
in the present article. The results of adult mouse inoculations with Rodas 
virus are very similar to those obtained with the Perez strain (Bates and Roca- 
Garcfa, 1945a), and the calculation of definite titers on such results would seem 
to us to be an example of the fallacy of misplaced concreteness. We befieve 
that a better idea of the amount of virus of these strains in circulation can be 
obtained bj’’ giving the final serum dilution causing adult fatalities; this is meant 
to sei’ve as an indication of the order of magnitude of the virus titer. We made 
a series of parallel inoculations in baby and adult mice, and then tested the 
surviving adult mice wdth "challenge” inoculations of fixed neurotropic virus 
according to the method of Fox (1943). We could thus compare mortality 
and immvmity in adult mice vdth mortality in baby mice that had received 

TABLE 1 


Parallel iiiraiion of Rodas virus in while mice of various age groups and in saimiri monkeys 
(serum of Saimiri 295, 4lh day after infection by haemagogus of lot 284) 


DlXTmOK OP 
fisstru 

irODSE UOarAUry (rNTRACESEBEAt. INOCUtATlON 
or VIEDS),* 

AOE or MICE 

OECOLATION OT VIEOS IN MONKEY (iNTEA- 
MOSCULAE INOCOLATION, 0.03 CC.) 


7 days 

21 days 

44 days 

Monkey no. 

Result. 

1:10 



3/6 


• 

1:105 



4/6 



1:10’ 


5/6 

1/6 



1:10* 


5/6 

3/6 

310 

Positive 

1:105 

3/4 

3/6 

0/6 

331 

Positive 

1:1C« 

2/4 

2/6 

0/6 

343 

Negative 

1:105 

1/4 


0/6 

345 

Negative 

1:10' 

0/4 

1/6 

0/5 

7A1 

Negative 


* Number dying over number inoculated. 


identical inocula. The results were not consistent, in that adult mice frequently 
succumbed to challenge inoculations when the "baby” controls showed that the 
original inoculum had contained appreciable amounts of virus. 

We have continued to find that "baby mice” (5 to 7 days old) give very 
regular results in titrations by intracerebral inoculation; and sound quantitative 
studies of ^^rus behavior could be made using such animals. The results of a 
parallel titration in mice of various age groups and in saimiri monkeys were 
given in a previous article (Bates and Roca-Garcla, 1945b, table 2), and the 
results of a similar but more complete titration are given in table 1 of the pres- 
ent article. We judge from this that 7-day-oId mice on intracerebral inocula- 
tion are just as susceptible to virus of this strain as are saimiri monkeys on 
intramuscular inoculation; that the minimmn lethal dose for 7-day-oId mice 
corresponds very closely to the minimum infectious dose for saimiri monkeys. 
In the course of the experiments we have made many parallel titrations in baby 
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and adult mice. The end point with baby mice is very generally in the next 
tenfold dilution beyond the final dilution causing adult deaths; the titration 
reproduced in table 1 is unusual in this respect: we would have expected at least 
one adult death in the 1:10^ dilution. 

We also made a series of parallel tests for virus bj^ inoculating 5- to 7-day-old 
mice intracerebrally and 3-day-old mice subcutaneously. The results of the 
subcutaneous inoculations were almost identical with those of the intracerebral 
inoculations. We judge from this that baby mice are sensitive indicators of 
virus transmission by mosquitoes, as reported by Bugher (1941).. It would 
perhaps be more satisfactory to use the subcutaneous rather than the intracere- 
bral inoculation of baby mice for tests of the presence of virus in mosquitoes, 
since intercurrent mortality from contamination or toxic materials in the inocu- 
lum would be greatlj’^ reduced. 

III. EFFECT OF TEMPERATURE ON VIRUS DEVELOPJIENT 

Constant temperature: S0°C. 

The usual method of following the course of virus development in mosquitoes 
is by the inoculation of suspensions of pooled mosquitoes (^Tiitman, 1937). 
Since we found considerable variation in the virus content of individual mos- 
quitoes, we decided to attempt to follow the history of the \drus by the inocula- 
tion of suspensions of individual mosquitoes at regular intervals. The first 
such experiment was made with haemagogus of lot 181 which fed on Saimiri 
176 on the 4th day after infection udth rehydrated serum of Saimiri 99, the origi- 
nal animal of the Rodas series. The virus was thus 2 saimiri passages from 
man. The monkey circulated a considerable amount of virus, the serum on the 
4th day killing 5/6 adult naice in 1:10^ dilution (the highest dilution tested). 
The mosquitoes were kept at a constant temperature of 30°C. Five were in- 
oculated in parallel groups of baby and adult mice immediately after feeding; 
5 others were treated in the same way at 24-hour intervals through the first 10 
days, and at 48-hour intervals through the next 10 days. Seventy-five mos- 
quitoes were thus inoculated separately in mouse groups in the course of the 
experiment. 

The mouse mortalities from these inoculations are given in detail in table 2, 
and the percentage of mice billed by mosquito inoculation on each day is plotted 
in graph form in figure 1. It will be noted that virus was recovered from all 
mosquitoes after the 3rd day except for 2 inoculated on the 14th day, i.e., from 
53 of 55 mosquitoes (96 per cent). It seems hardly fair to include these 2 
negatives in the mean for the 14th day, so this is based on the 3 positives only. 
Only 3 mosquitoes were killed on the 18th day, and 2 on the 20th day; these are 
averaged and the result plotted for the 19th day. Five mosquitoes bit baby 
mice on the I2th day, but none transmitted; 2 of 3 that bit on the 14th day 
transmitted. The “extrinsic incubation period” in this experiment can thus be 
taken as 13 days. 

The curve for these mouse mortalities seems very similar to the curve that one 
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TABLE 2 


Mouse mortalUics caused by the inoculation of individual mosQuiioes in parallel groups of 
adult (45 days) and baby (5-7 days) mice at regular intervals after the infectious meal 
(Hactnagogus of lot 181 infected on Saimiri 176 and maintained at S0°C.) 


PAYS 
ATTrH IK- 

rrcnoxrs 

uotjsi: MORTAunrs 
(A ■■ ADULT mice; B “ DADIES) 

TOTAL UOKTAL- 
ITIZS (m PEE 
CENT OF inCE) 















A 

B 

A 

B 


B 

n 

B 

a 

B 



0 

2/5 

5/5 

3/6 

4/4 


5/5 

3/5 

5/5 

3/6 

4/4 

50 

100 

1 


1/5 

2/5 

5/5 


3/5 

1/6 

5/5 

0/3 

0/5 

23 

56 

2 

1/5 

2/5 


0/0 

0/4 

0/0 

0/6 

1/5 

0/6 

2/5 

4 

33 

3 

1/0 

5/5 

1/6 

5/5 

0/6 

0/5 

4/5 

5/5 

0/6 

3/5 

20 

64 

4 


3/5 

2/5 

3/5 

1/5 

3/5 

1/6 

5/5 

2/6 

4/4 

22 

75 

5 

3/5 

.5/5 

2/5 

5/5 

2/5 

5/5 

2/5 

5/5 

0/6 

4/5 

36 

96 

6 

iSl 

1/4 

1/6 

5/5 

5/0 

4/4 

0/6 

2/5 

2/6 

5/5 

24 

74 

7 1 

Wm 

4/5 


1/5 

1/6 

3/5 

0/6 

5/5 

1/6 

5/5 

7 

72 

8 

2/6 

5/5 

2/6 

5/5 

2/6 

5/5 

2/6 

5/5 

2/5 

5/5 

38 

100 

9 

3/6 

5/5 

3/6 

5/5 

4/6 

5/5 

1/6 

5/5 

4/6 

5/5 

50 

100 

10 

3/6 

3/3 

2/6 

4/4 

6/6 

5/5 

1/6 

4/5 

2/6 

5/5 

47 

96 

12 ! 

4/6 

5/5 

4/6 

5/5 

2/6 

5/5 

1/5 

5/5 

3/6 

5/5 

48 

100 

14 

3/6 

4/4 

0/4 


2/6 

4/4 

4/5 

5/5 

0/6 

0/5 

(63) 

(100) 

16 

4/0 

5/5 

3/6 

4/4 

3/6 

5/5 

3/6 

4/5 

6/6 

5/5 

63 

96 

18 

5/6 

5/5 

4/6 

5/5 

6/6 

4/4 





1 


20 

4/6 

5/5 

3/6 

4/5 





1 


1 72 

1 96 



Fig 1. Mouse Mortalities from Inoculation of Individual Mosquitoes. 
Haemagogus of Lot 181, Constant Temperature 30 O. 
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would expect for virus development in the mosquitoes, and it seems to be an 
index of the average amount of -virus contained in the mosquitoes; The amount 
of virus measurable by this means has a definite liihit: reached for baby mice on 
the 8th day, and by extrapolation for adult mice on about the 26th day. We 
have not been able to devise a satisfactorjf method of interpreting these mouse 
mortalities in terms of titer, even when the "average survival time” of the mice 
is taken into account: there are too many variable factors. Apparently there 

TABLE 3 


Titration of pooh of 6 mosquitoes each (Lot 234, infected on Aotus 9, kept at S0°C.) 


DAV 

UOUSE MORTALITIES (S-TO-7-DAY-OLD MICE) 


Pure 

1:10 

1:10> 

1:10« 

1:10* 

0 

4/4 

4/4 

3/4 

0/4 

0/4 

2 

1/2 

2/4 

0/4 



4 

4/4 

1/4 

0/4 

0/4 


6 

4/4 

0/4 

0/4 

0/4 

0/4 

8 

4/4 

4/4 

1/4 

1/4 

0/4 

10 

4/4 

0/4 

0/4 

0/4 

0/4 

12 

2/3 

1/4 

0/4 

0/4 

0/4 

14 

3/4 

0/4 

0/4 

0/4 

0/4 

16 

4/4 

4/4 

1/4 

0/4 

0/4 

18 

4/4 

3/4 

0/4 

1 0/4 

0/4 

20 

4/4 

2/4 

1/4 

0/4 

0/4 

36 

4/4 

4/4 

4/4 

3/4 

2/4 


TABLE 4 


Titration of pools of 6 mosquitoes each {Lot 289, infected on Saimiri 342, kept at S0°C.) 


DAY 

MOUSE MORTAUTIES (5-TO-7-DAV-OLD MICE) 


Pure 

1:4 

1:16 

1:64 

1:256 

1:1024 

0 

4/4 

4/4 

4/4 

3/4 

1/4 

1/4 

2 

0/4 

0/4 

0/4 

0/4 



4 

4/4 

1/4 

1/4 

0/4 



10 

4/4 

1/4 

0/4 

0/4 



20 ! 

! 

4/4 

4/4 

4/4 

3/4 

3/4 

1 

0/4 


is a steady loss of virus during the first 48 hours after the infectious meal, but 
after 48 hours the virus has become established and starts to multiply. This 
multiplication is very slow, as compared with virus multiplication in the mam- 
malian host. Transmission may simply represent a certain threshold of virus 
concentration in the mosquito, reached at 13 days in the case of this particular 
experiment. 

We made several attempts to measure the rate of growth of virus in mosquito 
tissue by means of titrations of pools at regular intervals. To make the results 
comparable with those obtained from the inoculation of individual mosquitoes. 
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the pools were prepared by grinding 5 mosquitoes in 2.5 cc. of diluent (in our 
other experiments indmdual mosquitoes were ground in 0.5 cc. of diluent each) 
and this suspension was taken as the starting point in making serial dilutions. 
The results of 2 such titrations are given in accompanjdng tables: in table 3 
those of lot 234, tested m tenfold dilutions; and in table 4 those of lot 289, 
tested in fourfold dilutions. The source animals for both of these experiments 
were circulating moderate amounts of idrus: in the case of Aotus 9, the final 
serum dilution killing adult mice was 1:10® (3/6 mortality); in the case of Sai- 
miri 342, 1:10^ (4/6 mortality). The irregularity of the titration results is 
probably due to the considerable variation in virus content of the mosquitoes, 
the sample of 5 specimens for each pool not being large enough to eliminate 
this factor. 

The titration experiments agree with the experiments involving individual 
mosquitoes in that there is a rapid loss of virus in the first 48 hours, followed by 
a slow gain. The gain is so slow during the first 10 days that it is hardly measur- 
able in terms of titer. Yet the ultimate concentration of virus in the mosquitoes 
may be considerable, as shovm by the results obtained ivith pools of 20- and 36- 
day-old mosquitoes in these experiments. 

Constant temperature: 80 °C. 

In experiments reported in a preidous paper (Bates and Roca-Garcla, 
1945a) we failed to recover virus from 10 mosquitoes kept for 22 days at 20®, 
though virus was recovered from 60 per cent of a parallel lot kept at 30^. Once 
idrus was established in the mosquito, however, exposure to 20® seemed to have 
no adverse effect. In our first experiment using Rodas virus at 20°, we kept a 
group of mosquitoes for 10 days at this temperature and then transferred them 
for 10 more days to a constant temperature of 30°; 10 mosquitoes inoculated 
separately into mice after this treatment all showed virus. A parallel group 
kept at 30° from the beginning were also 100 per cent infected, and it is probable 
that these mosquitoes had ingested a considerable amount of virus: serum of the 
source saimiri killed 3/6 adult mice in the 1:10® dilution, the highest tested. 

We then arranged an experiment with haemagogus lot 197 from which we 
hoped to deteimine the rate of loss of virus at 20°, what happened to virus in 
mosquitoes kept constantly at 20° (did it finally die out, or multiply slowly) 
and the rate of development of virus in mosquitoes transferred at 10 days from 
a temperature of 20° to one of 30°. The mosquitoes of this lot fed on Aotus 2 
on the 4th day after infection; the animal must have been circulating a tre- 
mendous amount of virus, since serum diluted 1 : 10" (the highest dilution tested) 
killed 4/5 adult mice. The “dosage factor” in this experiment would thus be 
optimum. A parallel gi'oup kept constantly at 30° transmitted virus to Aotus 3 
ten days after the infectious meal — ^the shortest incubation period we have en- 
countered. 

Five mosquitoes were inoculated separated’' into mice at 24 hour intervals 
for the fii-st 5 days; at 10 days 5 more mosquitoes were tested, and the sundvors 
were then divided into 2 lots: Hot was transferred to a constant temperature of 



TABLE 5 


History of virus recovery from mosquitoes of Lot 197 (Haemagogus capricornii infected on 

Aotus 2, 4th day) 


DAY 

I . MORTALITY 


Adult mice* 

Per cent 

Baby mice 

Per cent 


Mosquitoes kept at a constant temperature of 20°C. 


0 

25/27 

93 

23/23 

100 

1 

13/27 

48 

20/24 

83 

2 

13/25 

52 

19/24 

79 

3 1 

4/23 

17 

12/23 

52 

4 

8/28 

29 

16/23 

70 

5 

1/29 

3 

7/23 

30 

10 

2/22 

9 

16/25 • 

64 

22 

1/30 

3 

11/20 

55 


Mosquitoes transferred from constant temperature of 20°C. to constant temperature 

of 30°C. on 10th day 


12 

8/26 

31 

18/25 

72 

14 

23/28 

82 

20/23 

87 

16 

16/29 

55 

24/24 

100 

18 

17/28 

61 

23/23 

100 

20 

20/29 

69 

19/19 

100 

22 

21/25 

84 

18/18 

100 


* These represent the sum of the mortalities from five mouse groups inoculated on a 
given day with suspensions of individual mosquitoes. 



Fig 2 Mouse Mortalities from Ikoculation of Individual Mosquitoes of Lot 197, 
AT Constant Temperature of 20‘’C. Until 10th Day, When Part^of the Group 
Was Transferred to a Constant Temperature of 30 C. 
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30°, and 5 indi\dduals were tested for virus at 48 hour intervals for the next 12 
days; the others were left at 20°, and 5 were tested after 22 days to see whether 
\’irus was still demonstrable. The results of, this experiment are summarized 
in table 5; since the mosquitoes were 100 per cent infected, there seems no point 
in gi\dng the individual results. The mouse mortalities are plotted in graph 
form in figure 2. 

From this experiment, it seems that virus dies out slowty in mosquitoes kept 
at 20°, reaching a minimum concentration on about the 5th day. It apparentl}'- 
persists at this minimum level indefinitely, since the mosquitoes inoculated on 
the 5th, 10th and 22nd days showed very similar mouse mortalities. One can 
imagine that if the original virus dosage ingested by the mosquitoes had been 
smaller, the virus would have dropped below the t^eshold detectable with mice 
and persisted at that level; or that with an even smaller dosage, the virus would 
have died out during the first 5 days without becoming established in the mos- 
quito at aU. When the mosquitoes were transferred to a temperature of 30° 

TABLE 6 

Recovery of virus from haemagogus of Lot £98, kepi at a consiant temperature of £S°C. (per cent 
mortality from 5 groups of mice inoculated mitk suspensions of individual mosquitoes 

on a given day) 


CAV 



0 

2 

IBB 

6 

8 

10 

Per cent mortality in 7-day -old mice 

100 

83 


95 

88 

86 

Per cent mortality in 45-day-old mice j 

97 

4 

Bi 

19 

30 

33 


the virus started multiplying, at a rate closely comparable to that shown by lot 
181 (fig. 1). These mosquitoes vere allowed to feed on baby mice before being 
kiUed. There were no transmissions until the 16th day (6 days at 30°) when 2 
of the 5 mosquitoes transmitted; 3 of 5 transmitted on the 18th day. 

Constant iemperahire; 26°C. 

Two experiments were made in which mosquitoes kept at a constant tempera- 
ture of 25° w ere tested individually at regular intervals for the presence of virus. 
The results of the first of these (lot 208, infected on Aotus 3) are summarized in 
table 6. These mmsquitces ingested a very large virus dose (the aotus senim 
killed 3/6 adult mice in the dilution 1:10®, the highest tested), and the mos- 
quitoes were 100 per cent infected. Virus apparent^' reached its minimum 
level in the mosquitoes on the 4th daj'. 

A more detailed experiment was carried out with lot 246, infected on Aotus 1 1 
at a time when the animal was circulating a more moderate amount of virus 
(2/5 adult mouse mortality with serum diluted 1:10^. Five mosquitoes were 
tested daily for the fimt 10 days, and at 48-hour intciwals for the next 10 d.ays. 
The results are summarized in table 7. In this case vuus was recovered from 
all of the mosquitoes during the first 2 days, but recovery was more irregular 
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TABLE 7 


History of virus recovery from daily inoculation of 6 mosquitoes of Lot 846, kept at constant 

temperature of 25°C. 


DAY 

NXJltBER or 
MOSQUITOES 
SHOWING 
VIRUS 


MOUSE MOETAUTIES* 


Adults 

Percentage 

Babies 

Percentage 

0 

5 

17/27 

63 


100 

1 

5 

26/30 

87 


100 

2 

5 

0/24 

0 

8/16 

50 

3 

2 

3/21 

14 

4/17 

23 

4 

1 

0/28 

0 

1/18 

6 

5 

1 

2/28 

7 

2/18 

11 

6 

5 

2/28 

7 

10/20 

50 

7 

2 

0/30 

0 

4/20 

20 

8 

- 5 

17/29 

59 

19/20 

95 

9 

5 

12/30 

40 

19/20 

95 

10 

4 

5/23 

22 

12/15 

80 

12 

4 

16/24 

67 

16/16 

100 

14 

5 

11/28 

39 

19/20 

95 

16 

5 

20/30 

67 

18/19 

95 

18 

2 

10/12 

83 

8/8 

100 

20 

3 

11/17 

65 

11/12 

92 


* For the 10th day and after, these are based only on mouse groups that included in- 
fected animals: i.e., that had been inoculated with mosquitoes known to be infected. 



Fig. 3. Mouse Mobtalities fhom Inoculation of Individual Mosquitoes of Lot 246,. 
Kept^at^Constant Tempebatuee of 25°C. 














■VTOTjS or TELLO'n' FEVER IN HAEJLA.GOGES MOSQUITOES 595 

subsequently. From the 10th day on, when one would expect the virus in aU 
mosquitoes to have passed above the threshold detectable on mouse inoculation, 
onl 3 '' 23 of the 30 mosquitoes showed virus (77 per cent). It seems hkely that 
the rest of these mosquitoes had failed to become infected, and in conse- 
quence mouse mortalities for this period have been based only on the positive 
mosquitoes, with the hope of thus giving a better idea of the rate of virus devel- 
opment after estabhshment in the mosquito. These results are presented in 
graph form in figure 3. Again the minimum virus level is reached on the 4th 
day. Fnfortunatelj’’, no attempt was made to determine the onset of transmis- 
sion with these mosquitoes. 


TABLE 8 


Mouse 7nortalitics from inoculation on altsmale days of 6 mosauitoes from Lot S78, kept at 
£6°C. for £0 hours and S6°C. for 4 hours daily 


DAY 



0 

2 

4 

6 

8 

10 

12 

Per cent mortality in baby mice 

100 

78 

84 

100 

70 

70 

li 

Per cent mortality in adult mice 

76 

35 

55 

50 

50 

57 

H 


Alteniaiing temperature: 25^~S5'^C. 

Results are summarized in table 8 of an experiment with mosquitoes of lot 
278, which were kept for 20 hours daily at 25° and for 4 hours dailjr at 35°. 
These were infected on Oedipomidas 3 at a time when the animal showed a high 
titer of circulating virus (2/6 adult mice killed by seium dilution 1:10’’). Re- 
sults are very similar to those obtained with a constant temperature of 30°, 
in that the minimum concentration of virus appears to be on the second day after 
the infectious meal. 


IV. THE DOSAGE FACTOR 

It is impossible to give a precise evaluation of the dosage factor in these ex- 
periments because of the uncertainty of virus titrations and because, in most 
cases, the number of mosquitoes tested for virus was not large enough to be given 
statistical significance. A surs'ey of the whole series of experiments, however, 
gives certain clear impressions that seem to be valid. The experiments are not 
uniform enough for concise tabular summary from this point of vdew, and perhaps 
the best method of revdew is by the citation of examples. The source ammals 
can convenient^ be classified into four groups according to the apparent titer of 
virus in circulation; haemagogus maintained at a constant temperature of 30° 
show the following behavdor for these four categories of "sdrus dosage: 

Trace of virus (serum of source animal not infecting adult mice in dilutions 
greater than 1:10). We have no evidence that haemagogus ever become in- 
fected under these circumstances. The best example is lot 204, which fed on 
Cebus 10 on the 5th day after infection, when the 1:10 serum dilution caused 
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fatal infection in 2/5 adult mice. No virus was recovered at 20 days from the 
total suspension of a pool of 11 surviving mosquitoes inoculated subcutaneously 
in a saimiri monkey. 

Small amount of vims (serum of source animal not infecting adult mice in 
dilutions above 1:10^). In this category, virus is recovered from an occasional 
specimen; we have no instance of transmission by bite, but attempts were not 
made after more than 18 days and the incubation period of the occasional in- 
fected haemagogus would presumably be prolonged. Examples: Lot 193, 
infected on Saimiri 182, serum dilution 1:100 causing 1/5 mouse mortality; 1 
of 6 mosquitoes showed vhus at 17 days. Lot 241, infected on Metachirus 238, 
serum dilution 1 : 100 causing 2/6 mouse mortality; 1 of 10 mosquitoes showed 
vuns at 17 to 29 days. Lot 189, infected on Saimiri 180, serum dilution 1 : 1030 
causing 1/6 mouse moi-tality; 1 of 11 mosquitoes showed virus at 15 days. Lot 
174, infected on Saimiri 108, serum dilution 1 : 1000 causing 2/6 mouse mortahty ; 

3 of 7 mosquitoes showed virus at 14 to 18 days. 

Moderate amount of vims (serum of source animal causing mouse infections in 
1:10' and 1:10® dilutions). In this category, virus is recovered from a majority 
of the mosquitoes and the minimum incubation period is 13 days. Most of the 
infections of haemagogus on saimiris fall in this class. 

Large amount of vims (serum of source animal causing mouse infections in the 
dilution 1:10® or more). These titers of chculating virus occur occasionally 
with saimiris, more frequently with aotus. We have always recovered virus 
from over 90 per cent of the haemagogus infected on such animals, and one is 
tempted to think that the occasional specimen not showing virus represents a 
mistake made somewhere in the course of the experiment. The incubation 
period may be as short as 10 days. 

In short, the percentage of mosquitoes showing virus is a function of the 
amount of virus in circulation in the source animal at the time of feeding, other 
factors (virus strain, environmental temperature) being constant. In the case 
of experiments in which only a proportion of the mosquitoes show virus, it 
would be interesting to Icnow whether the negative mosquitoes are really com- 
pletely uninfected, or whether their virus content is below the threshold de- 
tectable on mouse inoculation. We made two attempts to check this by 
inoculating saimiri monkeys with the total suspension obtained by grinding 
individual mosquitoes, on the theory that if any virus was present in such a 
mosquito the monkey would become infected. In both cases we tested mos- 
quitoes that had been maintained at 25° after feeding on saimiris chculating 
moderate amounts of virus, since as a general rule only abont 50 per cent of the 
mosquitoes show virus on mouse inoculation under such circumstances. In the 
first instance 10 mosquitoes were tested in mice at 20 days, and virus was re- 
covered from 7; 4 mosquitoes were then tested at 28 days in saimiris, and all 

4 saimiris were infected. In the second instance, 10 mosquitoes were tested in 
mice at 24 days, and virus was recovered from 6; 5 were then tested at 39 days 
in saimiris, and 4 of the 5 saimiris became infected. Thus in both cases a higher 
proportion of the mosquitoes showed vnus on saimin inoculation than did on 
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5n«>cnl:itu'>n, Init Ibo luiinlxerH uro so small that this result coulrl be nc- 
co\mtrd ivt on a rlumce basis. 'I'iio failure of 1 saimiri to become infected shows 


tliat. in sonu* eases at least, the nmstiiiitoc.saro proliabiy completely free of virus. 
In some raj-fs, hmvevt-r, fnihin' to rxmover virus from mosquitoes on mouse in- 
oful.ntinn survly me.nns .‘-imply that the virus i.s Imlow the thre.shold detectable 
by this mr.an*^. 


It is isibnx stins: to sq^cculate as to why certain individual mosquitoes in n given 
expcnn-.fnl beciune infccte<i, or show demonsfr.able vims, while others do not. 
Use nuv t likely ex 5 )l.anntit)n would be the varying amounts of virus ingested by 
thf' mosqvjii<-“s at the. time of feeding: those engorging fully would acquire a 
larger alv'^olute numKm of virus jjnrtirle.s than (hose taking less blood. This 
<!(m s no*, however, ieom to Ik' the entire explanation. In one experiment, wc 
divided tlie mo’-quitoc.*' into 2 lots after (hey had fed. One lot included only 
FjX’cimens who*^* abdeunens had }>ecome distended with blood; the other, speci- 
mens in which the nlxiomcn hiul not obviously become distended. .(Niter 22 
dny.s at *50'', 10 sqK cirnen.s of c.'U’h group werc tested in mice and vims was re- 
coveied frosn 9 sjx’cisncns in each ca.«^c: the mouse result.s were closely similar 
in both c.njvs, ti\e jxrsitivc mc.'^^\uitcxa shoxving largo amounts of xdms. 

]t r-<‘en;s entirely possible that tljo factor of mesquito strain enters in such 
caws: that som.c individual haemngogus arc more susceptible to infection than 
other.-. When* an overwhelming dowige i.s ingc.stcd and the mosquitoes are 
kejit under optimum tcmix-mturc conditions, (hey all become infected; but where 
the vims tlcsagc* is .^mailer, and the temi>ora(urc conditions less favorable, indi- 
vidu.al difTercucrs in .*-n.w'rptibility can enter in. This hyjmthesis could be tested 
with mowpiito siK'cies that can he m:iintaincd ns laboratory colonics so that 
genetic lines could Ik: separated out. This xvould bo analogoris with the situa- 
tion dc?cril>cd by IlufT (103-1) for Culcx pipiens and plasmodium infection. 


V, Tin: vinu.s stiuin F.Acron 

Our pucce.^s in maintaining labonrtory transmissions of yellow fever virus with 
the Peres and Rwlas strains of virus contrasted stronglj’ with the partial or 
complete failure of our oxircrimcnls during previous years. Undoubtedly, 
two important factors in the later .succc.ss were the maintenance of the mos- 
quitoes at relatively l)igh temperatures, and the improved entomological tech- 
niques that resulted in a greater mosquito longevity. We tliought, however, 
that the n.w of new virus .strains might liavc been an additional factor. Our 
early xvork wn.s carried out xvith strains that had been subject to considerable 
laboratory manipulation; they bad, in particular, been passaged several times 
through mouse groups, and had been maintained for prolonged periods in a 
desiccated slate. Wc tliought it xvorth while to check the possible effect of 
moii.'K; lirain passage on virus infectivity for mosquitoes. 

Wc made 3 separate series of experiments in which "pantropic” virus of 
the regular hacmagogus cycles was passaged through G mouse groups and then 
inoculated into a saimiri, wliich was used as a source animal for haemagogus 
infections. The virus acquired a “fixed” character in the first 3 or 4 brain 
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passages, the mouse mortality becoming regular, with death on the 6th and 
7th days, in contrast with the irregular mortality and prolonged incubation 
period of the unmodified virus. 

Tw'o such experiments w'ere made \vith Perez virus and 1 with Eodas virus. 
The mosquitoes were kept at 30° in all cases. In the first experiment 62 haema- 
gogus fed on the saimiri, and 25 of these were tested indhidually for virus from 
12 to 29 days later, without virus being recovered in any case. The titer of 
virus in circulation in the monkey must have been low', as the mosquito “con- 
trols” (inoculated dhectly after engorging) infected onl 5 ’- about half of the test 
mice: the titration of the monkey’s serum was incomplete. Still it seemed 
remarkable that vims Avas recovered from none of the 25 mosquitoes. 

Data on the second experiment are more complete. Perhaps the best method 
of summary is by comparing the results of the experiment with mouse adapted 
virus (Lot 176) with those of an experiment with unmodified \irus (Lot 172) 
that Avas carried out at the same time under the same conditions. 


Serum titrations of the source monkeys were: 


Serum dilutions 

. 1:10 

10* 

10* 

10* 

10* 

Saimiri 108 (unmodified virus) 

. 4/6 

1/6 

3/5 

3/5 

0/6 

Saimiri 120 (mouse adapted virus) 

. 6/6 

6/6 

5/6 

1/6 

0/6 

Adult mouse mortalities from control mosquitoes: 

Lot 172 (unmodified virus) 


. 3/6 

3/5 

4/5 

3/6 

Lot 176 (mouse adapted Airus) 


. 6/6 

3/6 

5/6 



Transmission to baby mice, 13 days and more after infectious meal: 

Lot 172 (unmodified virus): 7 fed, 4 transmitted 

Lot 176 (mouse adapted virus) : 7 fed, none transmitted 

Recover}' of virus by mouse inoculation: 

Lot 172 (unmodified virus) : 18 of 20 mosquitoes showed virus (90 per cent) 

Lot 176 (mouse adapted virus) : 1 of 12 showed virus (S per cent) 

The problem here is to decide hoAV much the difference in the behatuor of the 
2 mosquito groups is due to dosage ingested, and hoAV much to difference in 
A'irus strain. The 2 titrations shoAV nicely the difference in behataor betAA'een 
unmodified and modified virus: if aab had an objective method of measurement, 
it AYOuld probably be found that Saimiri 108 was circulating at least 10 times as 
much virus as Saimiri 120; and the difference falls on the dividing line betw'een 
our 'categories of “small” and “moderate” amounts of A'irus, AA'hich seems to 
be A'ery significant in governing haemagogus infection, as pointed out in the 
preceding section. 

In the 3rd experiment, 161 haemagogus fed on a saimiri infected w'ith modi- 
fied Eodas virus (6 brain passages). Serum of the source monkey infected 
4/6 adult mice in the 1:10® dilution, 0/6 in the 1:10^ dilution. It thus again 
W'as on the borderlme betAveen the categories of “small” and “moderate” Aurus 
amounts. In this experiment A\'e attempted to follow the history of the virus 
by the technique used in the temperature experiments, testing 5 separate mos- 
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quHocs daily for virus on the first 10 days, and on alternate days thereafter. 
The vims diwipiiearcd rapidly, only 1 mosquito being positive after 2-1 hours. 
.\fter the 5th day, virus was rceovered from 9 of 57 mosquitoes (10 per cent), 
positive mosquitoes showing a completely random distribution in time. 
Twenty-one ni tempts .it irnnsnussion by bite to baby mice were made between 
the 12(h and 23rd day. Two mosquitoes transmitted, both on the 21st day; 
both showed considerable vims on mouse inoculation (infecting C/6 adult mice). 
It is interesting that the vims continued to show enhanced neurotropic proper- 
ties oven after monkey and mosquito passage, since the incubation period in 
test mice was generally much shorter, and mortality more regular, than in the 
case of unmo<lified vims. 

From these 3 experiments one conclusion can surely be drawn: that it would 
lx* very difficult if not impossible to cstabli.sh cj'clic transmissions with haema- 
pogus mosquitoes using .a .strain of vints (fiat had been passaged several times 
through mou.'=o brain. Saimiri monkej's infected with such vims show relatively 
low titers of vims in circulation (even though the infections are usuall}’’ fatal). 
tVith the evidence at hand, wc cannot say how much the low infection rate of 
haemagopu.s is due to this dosage factor, and how much to modification of the 
adaptive properties of the vims that enable it to invade the mosquito host, 
though we have the impression that both factors arc probably involved. 

VmUS TRANSMISSION 

Transmission experiments witli 3 ’cilow fever (and other viruses) have gener- 
ally been made bj' allowing a group of mosquitoes to feed on a susceptible host, 
so that there is no wn\’ of knowing how manj' of the mosquitoes were actually 
infective. The susceptibility of babj* mice to subcutaneous inoculation pro- 
vides an animal that can be used for testing transmission by individual mos- 
quitoes, as pointed out by Bughcr (1941). Our first experiments (Bates and 
Roca-Garefa, 1945a, table 2) indicated that there might be considerable varia- 
bility in the infcctivcncss of individual haemagogus mosquitoes, and w'e conse- 
qiicntlj’’ planned a more detailed stud}' of this phenomenon. A series of paral- 
lel tests indicated that the susceptibility of baby mice to our strains of vims 
b\' the subcutaneous and intracerebral inoculation routes was closely similar, 
so that it seems probable that these mice are sensitive indicators of transmission. 
The chief difficulty in handling babj' mice is that sick individuals are sometimes 
eaten bj' the mother. We have had no losses except where there has been strong 
reason to presinne that the baby was infected; nevertheless such cases have not 
been counted as "transmissions” in crucial experiments. In the vast majority 
of cases, including all cmcial experiments (e.g., defining minimum incubation 
periods), the sick baby mouse has been recovered and brain material passaged 
to confirm the nature of the infectious agent. 

As was pointed out in the section on “dosage” above, the amount of vims 
originall}' ingested by the mosquitoes has considerable influence on the mos- 
quito incubation period. Studies of the effect of temperature on the time re- 
quired for transmission are thus most satisfactory if carried out with parallel 
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lots' of mosquitoes infected on a given host at the same time. Our best experi- 
ment of this sort was based on a group of haemagogus that fed on Aotus 15 at 
a time when considerable virus was in circulation (serum killing 4/5 adult mice 
in the dilution 1:10®, the highest tested). These mosquitoes were divided at 
random into 5 lots of 44 mosquitoes each: 3 lots were kept at constant tempera- 
tures of 25°, 30° and 35° respectively; 1 for 20 hours daily at 25° and 4 hours 
daily at 30°; and the last for 20 hours daily at 25° and 4 hours daily at 35°. 
The results are summarized in table 9. 

In experiments in which a group of mosquitoes feed on a susceptible host, the 
first transmission would occur when the first mosquito became infective: even 
though 20 mosquitoes feed, it may be that only one is infective at that time. 
There seems, in fact, to be considerable individual variation in the time required 
for a mosquito to become infective, and in all of our experiments, we have 
observed that the longer the elapsed time, the higher the proportion of infective 
mosquitoes. One case will suffice to illustrate the phenomenon. The haema- 


TABLE 9 

Transviission to baby viice by hae 7 nagogus {infected on Aotus 16 and kept under different 

temperature conditions) 


LOT NUMBER 

TEMPERATURE 

! 

TOTAL NUMBER 
OP PEEDINGS 

DAY OP PIEST 
PEEDING 

PIRST 

TRANSMISSION 

TOTAL NUMBER OP 
TRANSMISSIONS 

IHIIII 

25° 

58 

15 

days 

28 



25°-30° 

59 

10 

23 



25°-35'' 

54 

10 

12 



CO 

o 

0 

18 

10 

10 



35° 

4 

6 

none 



gogus of lot 277, infected on Oedipomidas 3 and maintained at 25° for 20 hours 
daily and 35° for 4 hours daily, were kept for 60 days, during which time 84 
tests of transmission were made with baby mice. The results, grouped in 5-day 
periods, arc summarized in table 10. The first transmission occurred on the 
12th day after the infectious meal, but the majority of the mosquitoes did not 
transmit until the 20tli day or later. In this case, in a parallel lot kept at a 
constant temperature of 30°, the first transmission was also on the 12th day. 

We kept records on individual mosquitoes in all of these experiments, so that 
it is possible to follow the history of a given individual. The selection of the 
mosquitoes for feeding tests was generally random — the mosquitoes frequently 
showed no desire to bite, and they would be tested with a given baby mouse 
until an individual was found that would insert its proboscis. If a given mos- 
quito probed a babj" mouse, the act was regarded as a “transmission attempt” 
regardless of whether blood was drawn or not. Thus transmission records are 
frequently available on a given individual mosquito over considerable periods 
of time. Once an individual becomes infective, it remains infective for life. 
Thus mosquito no. 39 of lot 272 failed to transmit at 12 and 21 days; but it 
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transmitted n.t 23, 24, 25, 26, 2S and 32 days. Mosquito no. 18 of lot 277 trans- 
mitted at 12, 24, 32, 33, 34, 36 and 3/ days — every occasion on which it was 
tested, t^’ery rarely a mosquito tliat had once transmitted failed to infect a 
baby mouse on some subsequent occasion: thus mosquito no. 6 of lot 277 failed 
to transmit at 16, 23, 26, 29 and 32 daj's, but transmitted at 34, 36, 37, 48 and 
50 days; at 51 days it is recorded as biting a baby mouse without transmitting. 
We can only find 2 other such instances in the many hundreds of transmission 
attempts. 


Vn. DISCUSSION 

From the cxperim.cnts reported in the present paper it appears that the his- 
tory of the yellow fever virus in the mosquito falls into two periods— a period 
of virus less and a period of virus gain. This is in accord with what would be 
e.vpcctcd on theoretical gi-ounds, and with various previously published e.vperi- 
ments, notably those of Whitman (1937). \Miether the mosquito becomes 
infected or not apparentlj^ dejiends on the events of the period of I'irus loss, 
which are presumably centered in the gut of the mosquito: it is probably a 
question of whether the virus can become established in the mosquito tissue 
(i.e., penetrate the gut wall) before it dies or has been eliminated. With a given 
mosquito strain and a given virus strain, the course of events in the period of 
vims loss seems to be governed by two variable factors: the amount of virus 
originally ingested by the mosquito and the environmental temperature. The 
more virus, the better the chance that some will get established in the mosquito 
tissues. The higher the temperature (within the range tested), the faster the 
'course of events; and apparently also, the better the chance that some virus 
will get established. 

The period of vims loss apparently lasts for 2 days at 30°, 3-4 days at 25° 
and 5 days at 20°. The vims particles in the gut wuuld be in a non-living sus- 
pension, so that there w'ould presumably be no multiplication; the loss in virus 
during this period would thus seem to reflect the rate of death of vims particles 
at these temperatures and in this medium. It is curious, under these ciremn- 
stances, that the proportion of mosquitoes becoming infected wdth a given 
dosage and given vims strain should depend directly on temperature. Evidence 
on this point w’as presented in a previous paper (Bates and Roca-Garcla, 
1945a), and later experiments, especially those involving moderate vii-us dosages, 
show' the same phenomenon. The phenomenon is not confined to yellow fever 
vims and haemagogus mosquitoes. Milzer (1942) found that Aedes agypii 
did not become infected W'ith the vims of lymphocytic choriomeningitis at 
temperatures below' 26°, and it seems likely that many of the contradictory 
results in published insect-virus experiments stem from differences in the tem- 
perature factor. The increased hkelihood of infection at higher temperatures 
may be a property of the mosquito, the vims or both: it may reflect an increased 
permeabihty of the mosquito gut at higher temperatures, or an increase in some 
activity property of the virus particles themselves. 

In the period of virus gain, the relationship betw'een rate of vims multiplica- 
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tion and temperature is surely simply another example of the influence of tem- 
perature on the speed of biological processes, but the data are too incomplete 
to warrant any detailed analysis from this point of view. It seems to us that 
infectiveness (ability to transmit) in the mosquito may be threshold phenome- 
non, dependent on the level of concentration of virus in the mosquito. Such 
evidence as there is suggests that yellow fever and other viruses show no tissue 
specificity in the mosquito host (Davis and Shannon, 1930; Merrill and Ten- 
Broeck, 1934), though this is a problem that has hardly been investigated in 
sufficient detail. The appearance of virus in the salivary secretion of the 
mosquito might then be dependent simply on the total vims content of the in- 
sect. This would explain the great variability in the “incubation period” 
(time between the infectious meal and the first infective meal) in individual 
mosquitoes of the same lot (e.g., the data in table 10). 

TABLE 10 


Transviission by bile io baby mice {haemagogits of Lot 277, infccled on Oedipomidas S and 

maintained at 86°-S6°C.) 


DAYS 1 

NUitDER OF FEEDINGS 

KDilBES or TRANSUISSIONS 

PER CENT TRANSinTTINO 

11-15 

20 

3 

15 

lC-20 

17 

2 

13 

21-25 

12 

7 

5S 

2C-30 

11 

6 

55 

31-35 

12 

10 

83 

36-00 

12 

11 

92 


The titrations of virus content of Aedes acgypli reported by Whitman (1937) 
seemed to show that the amount of virus in the mosquito did not increase in- 
definitely — ^that after an initial period of regular increase it was subject to con- 
siderable and irregular variation. If this phenomenon occui-s in haemagogus, 
it would not be demonstrable from our experiments, since we did not make many 
titrations -with long-infected mosquitoes. 

At 20° there seems to be no demonstrable increase in the virus content of the 
mosquito over a period as long as 22 days (data in table 5) and it is likely that " 
mos:iuitoes would never become infective at this temperature. At the other 
extreme, at a constant temperature of 35°, experiments were not satisfactory 
because of the high mortality of the mosquitoes, the majority dying vdthin the 
first few days: it was also difficult to induce mosquitoes kept at this temperatme 
to feed. Twenty-eight transmission attempts were made with 3 different 
lots, from 5 to 12 days after infection, with a possible transmission once at 12 
days (not confirmed by passage). In some cases mosquitoes failed to transmit 
after 10 days at 35°, when transmission was obtained from parallel lots kept at 
30°. At constant temperatures of 25° and 30° the minimmn incubation periods 
observed have been 28 days and 10 days respectively. These results, it may be 
noted, differ considerably from those usually reported for Aedes aegypii and the 
Asibi strain of virus (Davis, 1932), being much longer. Davis also was able to 
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carry out experiments at temperatures above 30°, obtaining transmission after 
4 days at 36°. From our data it is impossible to determine how much the 
lengthening of the incubation period is a property of the mosquito species and 
how much a property of the virus strain, though probably both are involved, as 
was pointed out in our first article. 

We were greatly interested in carrying out experiments at varying tempera- 
tures, since temperature conditions in the forest canopy, where haemagogus 
are found most abundantly, are subject to wide diurnal fluctuations. It is 
interesting in this coimection that virus development in mosquitoes kept for 
20 hours daily at 25° and 4 hours daily at 35° was almost as rapid as in mosqui- 
toes kept at a constant temperature of 30°. The difference between 4 hours 
daily exposure to 30° and 4 hours daily exposure to 35° is particularly striking 
(table 9; other experirrents gave similar results). The difference in “mean 
temperature" between these is slight, since the daily mean calculated by hours 
in the one case would be 25.8° and in the other 26.6°. The accelerating effect 
on virus development must be due to the short daily exposure to the (for a 
mosquito) very high temperature of 35°. 

We have made a number of experiments designed to study the effect of vari- 
ous temperature conditions on the longevity, speed of development and physi- 
ology of haemagogus mosquitoes. These will be written up separately. Of 
interest in the present connection is the fact that the 20 hours daily exposure 
to 25° and 4 hours daily shift to 35° seems to be very favorable to the mosquitoes. 
The longevity is greater than at a constant temperature of 30°; and the per cent 
of females lajdng eggs and the number of eggs laid per female are both greater 
than at 30°, taking these as indexes of the favorableness of temperature con- 
ditions for phj’^siological processes in the mosquito. 

In our first article (Bates and Roca-Garcia, 1945a) we pointed out the re- 
lation between laboratory findings of the effect of temperature on virus develop- 
ment, and field findings of relatively high diurnal temperatures in the canopy 
zone of the forest. The favorable effect of short daily exposure to 35° is an 
even more striking example of this relation. Shade temperatures of 35° are 
rarely found in the VilIa%'icencio area, but it is a common observation that 
haemagogus mosquitoes are to a surprising degree sun-loving insects. They 
are apt to bite commonly even in the forest floor zone in open spots where the 
sun reaches the ground; and the canopy zone, where they are abundant, contains 
considerable areas of sunlight. Various investigators have found that the body 
temperature of an insect rises rapidly in sunlight. For example, Wigglesworth 
(1939, p. 359) in his summary of the literature on this subject, quotes Strelni- 
kow, who found that the temperature of Bonibus rose from 28.7° in the shade 
to 41.6° in the sun in the course of 5 minutes. We have no data on the possible 
daily body temperatures of haemagogus mosquitoes in their natural environ- 
ment, but it does not seem rmfikely that they would be exposed for short daily 
periods to relatively high temperatures. Results with the 25°-35° alternation 
are certainly much more likely to approximate natural conditions than results 
with a constant temperature of 30°, which can only have a theoretical interest. 
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VIII. SUMJIAHY 

1. The effect of temperature on virus development in haemagogus mosquitoes 
was studied by the inoculation in mouse groups of individual mosquitoes at 
regular intervals after the infectious meal and by the titration of pools of mos- 
quitoes. It was found that there was an initial period of virus loss, followed 
by a period of virus gain, the rates in both cases depending on the temperature. 
The period of virus loss lasted for 5 days at 20°, 3-4 days at 25° and 2 days at 
30°, At 20° the level of virus seemed to remain stable after the period of loss, 
there being no demonstrable increase over a 22 day period. At higher tem- 
peratures the rate of gain seemed to be a direct fxmction of the environmental 
temperature. 

2. The percentage of mosquitoes becoming infected and the length of the 
incubation period seemed also to be a function of the amount of virus ingested 
vdth the infectious meal. On the basis of titer of virus in circulation at the time 
of feeding, experiments can be divided into 4 arbitrar}’^ categories: trace of virus 
(serum of source animal not infecting adult mice in dilutions greater than 1:10); 
small amoimt of virus (no infections in dilutions above 1 : 10^) ; moderate amount 
of virus (no infections in dilutions above 1 : 10®) and large amount of virus (in- 
fections in dilution of 1:10® or more). In the first categoiy, virus has in no 
case been recovered from haemagogus; in the second, occasional indhdduals 
become infected; in the third, the majority of the mosquitoes show \’irus; in 
the fourth, virus is regularly recovered from 90 per cent or more of the mos- 
quitoes. The minimum incubation period after the ingestion of a “moderate 
amount of virus” is 13 days at 30°. This may be shortened to 10 days where a 
“large amount of virus” has been ingested. There is some evidence that in- 
fection at a given temperature and given virus dosage depends in part on the 
characteristics of the individual mosquito. 

3. Experiments were undertaken with pantropic virus strains modified by 
serial passage (6 consecutive passages) in mice. It was difficult to infect haema- 
gogus on saimiri monkeys inoculated with these modified virus strains; with 
the evidence at hand it is impossible to decide how much this was due to the 
lower titers of virus circulated by such monkeys, and how much to possible modi- 
fication of the ability of the virus particles to invade mosquito tissue. 

4. Attempts were made to define the incubation period in mosquitoes by 
large numbers of tests for transmission with, individual mosquitoes using 3-day- 
old mice as test animals. It was found that there was considerable variation 
among individual mosquitoes of the same lot in the time at which they became 
infective, but that once a mosquito became infective it remained so for life. 
The rninimum incubation period was foimd to be 28 da}^ at 25°; 23 days in 
mosquitoes kept for 20 hours daily at 25° and 4 hours daily at 30°; 12 days for a 
similar alternation of 25°-35°; and 10 daj'^s at a constant temperature of 30°. 
Results were unsatisfactory at a constant temperatme of 35°, but no transmis- 
sions were obtained in 28 attempts at periods between 5 and 12 days. 

5. The very favorable results obtained with mosquitoes alternated between 
25° (20 hours) and 35° (4 hours) suggest that relatively short exposures to high 
temperatures in nature may greatly accelerate virus development. 
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AN EXPERIMENT NEUROTROPIC YELLOW FESTER ATRUS 

IN SAJMIRI AIONIvEYS AND HAEMAGOGUS A'lOSQUITOESi 

MARSTON BATES ajjd iSLVNUEL ROCA-GARCiA 
ViUaviccncio Field Ldboralory, Yillaviccncio, Colovibia 

In the course of our experiments -vrith the transmission of 5 'ellow fever by 
haemagogus mosquitoes we became interested in the possible effect of mouse 
brain passage on the ability of a given virus strain to invade mosquito tissues. 
In a previous paper (Bates and Roca-Garcia, 194:6b) we have described ex- 
periments in which “pantropic” virus strains were tested in saimiri monkej’^s and 
haemagogus mosquitoes after a series of six mouse brain passages; mosquitoes 
rarely became infected with such virus, but it was difficult to determine how 
much this was due to change in the mosquito adaptations of the virus and how 
much to the reduced titer in circulation in monkej^s inoculated with such pas- 
saged strains. We decided, in this connection, to tr}’' a few experiments with 
completely “fixed” nevmotropic virus, using the strain currently emploj’^ed in 
protection test routines — “New York Standard Virus Lot 40,” the 250th mouse 
brain passage of French neurotropic virus. We found, from exploratory ex- 
periments, that saimiri monkej's general!}’- showed only a low titer of ^’irus in 
circulation after subcutaneous inoculation \rith this strain, so we decided to see 
whether the titer in circulation could be stepped up by serial passage in these 
monkeys. We thought it would, in itself, be interesting to see whether the 
fixed \nrus showed demonstrable modification after a number of monkey pas- 
sages. 

The methods that we employ in handling saimiri monkeys and haemagogus 
mosquitoes have been described in pre\-ious articles (Bates, 1944; Bates and 
Roca-Garcia, 1945). In our calculations of titers and dosages in the present 
study we used the standard 50 per cent end-point method of Reed and Muench 
(1938). 


BEH.^VIOK OF XEUROTROPIC AURUS IX S.\IUIRIS 

The saimiri passages were started by inoculating Monkey no. 266 intramuscu- 
larly with 0.03 cc. of a 1 ; 150 dilution of rehydrated mouse brain suspension of 
“Standard Virus NeAv York 40”; the control titration in mice showed that this 
amount of inoculum contained 159 mouse m.l.d. The monkey was bled daily 
from the 3rd day, and the seinm was titered by the inoculation of serial dilu- 
tions in groups of Avhite mice. Explorator}’’ experiments had shoAvn that the 
maximum titer in circulation generally occurred on the 4th day, so this interval 
was adopted as routine for passage. The second sainnii Avas inoculated intra- 

1 The studies and observations on ■which this paper is based ■were conducted with the 
support said under the auspices of the Institute of Special StucUes "Carlos Finlaj-” main- 
tained by the hlinistry of Labor, H 3 -giene and Social AFelfare of the Republic of Columbia 
and the International Health Di-sdsion of The Rockefeller Foundation. 
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mDscularly with 0.03 cc. of a 1:10 dilution of the 4th day serum of Saiiniri266; 
mouse titration showed this inoculum to contain 2,340 mouse m.l.d. of virus. 
The same procedure was followed routinely through 22 saimiri passages, when 
the experiment was discontinued. 

Ths histories of these animals are summarized in table 1. Nine of the 22 
survived infection; 1 (No. 308) was killed (bled to death to obtain senim for 
desiccation); 1 (No. 309) died on the 3rd day, the early death perhaps being re- 
lated to an intense parasitism wdth Acanthocephala; and the remaining 11 ap- 

TABLE 1 


Histories of saimiris used iv serial passage experiment with neurotropie virus 


PASSAGE 

KO. 

sahhei 

NO. 

DOSAGE 

INOC. 

aRCUEATINC virus: DAY 

THEE ON 4th day 

DAY or 
DEATH 

3 

4 

5 

6 

B 

1 

266 

159 

4- 

+ 

4- 

4~ 

■ 

1:2.23 X 10‘ 

7 

2 

265 

2,340 

+ 

+ 

4~ 

— 

■ 

1:1.0 X 10’ 

7 

3 

268 

100 

4- 

4- 

4- 


B 

1:2.52 X 10’ 

6 

4 

271 

25,200 

4- 

+ 

— 

— 

H 

1:4.61 X 101 

S 

5 

269 

5 

+ 

+ 

4' 

4“ 


1:4.5 X 10’ 

6 

6 

277 

4,500 

+ 

+ 




1:4.5 X 10’ 

5 

7 

276 

45,000 

+ 

+ 




1:5.75 X 10» 

5 

8 

278 

6 

4- 

4- 

4- 



1:1.28 X 10* 

5 

9 

282 

1,280 

+ 

+ 




1:5.10 X 10’ 

4 

10 

287 

51,000 

+ 

+ 

4- 


— 

1:1.80 X 10* 

S 

11 

288 

18 

4- 

+ 

4- 

4- 

+ 

1:4.38 X 10* 

S 

12 

289 

438 

4- 

4- 

4- 



1:1.52 X 10* 

6 

13 

290 

1,520 

4- 

4* 

4“ 

B 

B 

1:2.51 X 10* 

S 

14 

291 

2,510 

+ 

4- 

4* 

B 


1:4.2 X 10* 

7 

15 

292 

420 

+ 

4* 

4" 



1:2.18 X 10* 

S 

16 

293 

21 

+ 

4* 

4* 

4- 

tr. 

1:1.0 X 10* 

S 

17 

264 

100 

4- 

4- 

4- 

4- 

tr. 

1:3.2 X 10* 

S 

18 

296 

3,200 

4- 

4- 

4- 

— 

— 

1:4.0 X 10= 

S 

19 

304 

40 

4- 

4- 

4- 

4- 

— 

1:8.9 X 10* 

s 

20 

309 

890 

4- 




> 

1:1.0 X 10* 

3 

21 

308 

-{-1,000 

4- 

4- 




1:1.0 X 10= 

Killed 

22 

311 

10 

4- 

4- 




1:1.0 X 10* 

4 


parently died as a result of the virus infection. Signs of stomach haemorrhage 
were foimd in 6 of these 11 animals; histological examination of hver tissue was 
made in all cases, but in no instance were lesions characteristic of yellow fever 
found. Six of the 22 animals showed slight alteration of the normal temperature 
rhythm, which might be interpreted as febrile reaction, but in most cases body 
temperature remained perfectly noi-mal except for a rapid drop 12 to 24 hours 
before death in the fatal cases. Unfortunate^ we were not in a-position to make 
histological examinations of the brain material for possible encephalitic lesions; 
the nnimnlR did not show any obvious paralj'-sis. The virus showed no demon- 
strable change in behavior on white mouse inoculation in the course of these 
passages: the incubation period in mice continued to be short and regular, char- 
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acteristic of the fixed virus. There was also no regular increase in titer of circu- 
lating virus in the successive sahniris. If anjdhing, the virus seemed to lose 
virulence for sahniris, since 8 of the first 9 animals died, in contrast vdth 3 or 4 
(depending on the diagnosis of sahniri 308) of the next 13. Certainly the virus 
did not show any measurable shift from “neurotropism” to “viscerotropism” 
in the course of these passages, which confirms the general impression that the 
change is not regularlj’- reversible. 

It is interesting to compare this series with a similar passage experiment made 
vith the “pantropic” Rodas strain of virus (Bates and Roca-Garcia, 1946a, 
table 4). The pantropic virus was carried through 10 passages only; in com- 
parison vdth the first 10 passages of neurotropic virus, the mortality rate and 
day of death is closely similar, as is the incidence of stomach haemorrhage in 
the fatal cases. In neither series were characteristic liver lesions present. In 
both series the maximum titer of virus was generally on the 4th day, occasionally 
on the 3rd or 5th; but the amount of virus in circulation was much greater in the 
pantropic series, and there was generally a febrile reaction. 

Lloyd and Penna (1933) have reported a series of experiments with rhesus 
monkeys inoculated with neurotropic virus by extraneural routes. The infec- 
tion in rhesus was in all cases much less severe than in sahniris, being in no case 
fatal, and the virus repeatedly failed to survive after a few monkey passages. 

ATTEIilPTS TO TRANSIT NEUROTROPIC VIRUS WITH HAEMAGOGUS MOSQUITOES 

The sahniri monkeys of the serial passage experiment were used as source 
animals for 8 infection experiments with haemagogus mosquitoes. The his- 
tories of these experiments are summarized in table 2. All attempts to recover 
virus by inoculation of mosquitoes into mice, by inoculation of pools of mos- 
quitoes into monkej'^s and by feeding mosquitoes on baby mice or on saimhi 
monkeys were negative, vdth one exception. The exception is Sahniri 316, 
inoculated with the total suspension of a pool of 4 mosquitoes of lot 261, 19 
days after infection. This monkey showed a somewhat delayed infection, vith 
chculation virus on the 3rd through the 7th day (not bled subsequently), with 
maximum temperature on the 6th day and death on the 9th day. The mice 
inoculated with serum from this animal showed the prolonged incubation period 
characteristic of a pantropic virus strain! This appears surely to be an acci- 
dental infection, but if so, it is the only such infection that we have had in 
hundreds of monkej^s handled in the course of these transmission experiments. 

The possible explanations are: (1) a confusion of animals or records. This 
seems to be ruled out, as there was no possible animal present in the inoculation 
room at that time with which a switch could have occurred. (2) A “natural” 
infection in the mosquitoes: these mosquitoes were brought in from the field, 
and 1 of them might have had virus acquired before capture. Ti'e have no 
precedent for this (but it would not be apt to occur frequently) ; there is, however, 
no eiddence that yellow fever was present anywhere in the Villavicencio region 
during 1945, which makes this explanation unlikely. (3) That mosquitoes were 
sv'itched. There were many infection experiments being carried out at the same 
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time mth pantropic “Rodas” virus, and it seems most probable that an indi- 
vidual from one of these experiments somehow got into the neurotropic experi- 
ment. We have tried to guard against sucb a possibility, but mth hundreds of 
mosquitoes being handled separately and routinely, such an accident might well 
happen. (4) If the virus really came from the neurotropic experiment, it is 
a imique case of \drus recovery, and the virus was completely changed in the 
course of the single mosquito passage, reverting on mouse inoculation to the 
incubation period characteristic of pantropic strains. This would seem ex- 
traordinary, but not beyond the bounds of possibility. Unfortunately we can- 


Hae- 

ma- o 

EOgus c 

lot no. 'C 
S 


TABLE 2 

Hacmagogus infection experUnents with ncurotropic virus 
(All mosquito lots kept at a constant temperature of 30°C.) 



Titer at 
time of 
feeding 


Mortality of 
controls 


ATTEMWS AT VUtUS SECOVETtV, IS DAYS OE MORE ATTEE 
INFECTION (NEGATIVE EXCEPT LOT 261 ) 


Inoculation 
in mice 


No. S 

feed- S 

>- Total ing ‘I 

' mortality "g « 


o Inoculation in 
•s Saimiri 


" o "So 
= E SH 


Attempts at transmission 



6 feedings on baby mice 
12 feedings on baby mice 

4 feedings on baby mice 

5 feedings on saimiri 

9 feedings on baby mice 
11 feedings on baby mice 


* Inoculated into Saimiri 316, which shewed an infection characteristic of pantropic 
virus; it is probable that a mistake was made with these mosquitoes. 


not attempt to repeat the experiment, since the program of transmission work 
has been suspended. 

From these experiments, it appears that fixed neurotropic virus is completely 
non-infective for haemagogus mosquitoes, even after repeated passage through 
saimiri monkeys. In experiments 236, 237 and 249 the titer of circulating virus 
was so low that one would in no case expect mosquito infections, but the monkeys 
used as source animals for experiments 244, 245, 258 and 261 had a high enough 
titer of circulation virus so that one Avould expect to find at least a few of the 
mosquitoes infected. There is, of course, always the difficulty of making titra- 
tion comparisons between mouse-adapted and pantropic strains of virus, but the 
results of these experiments are so uniformly negative (always udth the excep- 
tion of Saimiri 316 from mosquito lot 261) that it would seem possible to rule 
this dosage factor out. 
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DISCUSSION 

Davis, Lloyd and Frobisher (1932) found difficulty in infecting Aedes acgypti 
on rhesus monkeys circulating virus of a fixed neurotropic strain. They were 
able to obtain some mosquito transmissions, in contrast ivith our complete fail- 
ure to infect Ilacmagogiis capricomii under comparable conditions, but this 
doubtlc.ss reflects the much greater susceptibility of Aedes acgypti to virus in- 
fection in general. 'Whitman (1939) found that Aedes acgypti under certain 
circumstances (immersion of larvae in mouse brain suspension) may become 
infected ivith the highly modified virus of yellow fever vaccine (strain 17D), 
thougli no successful transmissions were obtained. 

The phenomenon of a loss of infectiousness for mosquitoes associated with a 
gain in neurotropism in a particular virus strain seems not to be confined to 
yellow fever, Hammon and Reeves (1943), for instance, attribute their suc- 
cess in obtaining laboratorj’’ transmission of St. Louis encephalitis, in contrast 
with previous failures, in part to the “use of a virus freshly isolated from mos- 
quitoes, not brain passage fixed.” Sabin and Schlesinger (1945) found with 
dengue virus after mouse passage that "Aedes acgypti . . , became infected with 
difficulty since large numbers of mosquitoes and an extrinsic incubation of more 
than three weeks were required to transmit the virus.” 

There is probably in all of these instances an effect due to the decreased titer of 
circulating virus in the case of mouse passaged strains, resulting in a reduction 
of the virus dosage inched up by the mosquitoes. The increase in neurotrop- 
ism, in other words, is generally associated with a decrease in the amount of 
virus liable to appear in peripheral circulation in susceptible hosts. But this 
explanation seems inadequate to account for all of the results, particularly for 
the complete failure to infect haemagogus mosquitoes with saimiri-passaged 
neurotropic virus reported in the present paper. 

SUMMARY 

A fixed neurotropic strain of yellow fever virus, in its 250th mouse brain 
passage, was maintained in saimiri monkeys for 22 serial passages by the intra- 
muscular inoculation of a 1:10 dilution of the 4th-day serum of the preceding 
animal. The response of the monkeys to infection was similar to that observed 
in passage experimients with pantropic strains. Eleven of the 22 apparently 
died as a result of viius infection; 6 of the 11 showed signs of stomach haemor- 
rhage; in no instance did postmortem liver tissue show pathological lesions 
characteristic of yellow fever; in no instance was there a well-defined febrile 
reaction. The virus showed no demonstrable change in behavior after intra- 
cerebral inoculation in white mice in the course of the passage experiment: the 
mouse incubation period continued short and regular, characteristic of the 
“fixed” virus. There was no regular increase in titer of circulating virus in 
monke3'^s in successive passages; the strain seemed to lose virulence, since 8 of 
the first 9 infections were fatal in contrast with 3 of the following 13. 

Eight attempts to infect haemagogus mosquitoes on these monkeys failed 
completely: virus was not recovered by inoculation of the mosquitoes into mice 
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or into saimiris, or by feeding them on baby mice or saimiris except in one 
inst-ance Avhich was probably due to a confusion of mosquitoes infected wth 
another strain of virus. 
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THE L.-U30ILVT0RY TILVNSMISSION OF YELLOW FEVER 
VIRUS BY IUVEj\LA.GOGUS SPLENDENS* 

CHARLES R. ARDERSOX, M.D. and ERNESTO OSORNO-MESA, M.D. 

INTRODUCTION 

Interest in mosquitoes of the genus Hacmagogiis as vectors of yellow fever was 
aroused by the demonstration of the importance of Hacmagogus spegazzinii 
falco (see (2) Kumm et al., Ifl lG) in the epidemiology of jungle yellow fever in 
Colombia by Bugher, Boshell-lManrique, Roca-Garc:a, and Osomo-Mesa (1). 

Although Haernagogvs spegazzinii falco is the only important vector of this 
genus recognized at the present time, one is naturally interested in knowing the 
vector potentialities of other species of the genus that have been found in the 
endemic areas. The recent article hy Kumm, Osomo and Boshell (2) gives data 
on the known distribution of Hacmagogus splcndcns in Colombia, and supple- 
mental^' information is available in a paper by Osorno (3). Recently, Waddell 
and Ta 3 ’lor (4) have obtained transmission bj' Hacmagogus cguinus, a species 
known to occur in endemic j'ellow fever zones. 

The present report describes experiments showing the transmission of yellow 
fever by Hacmagogus splendctis. 

MATERIALS AND METHODS 

The methods used in these experiments are so similar to those used by other 
investigators that thej' need not be described in detail. Adequate descriptions 
are available in the articles b 3 ' Waddell and Taylor (4), and Bates and Roca (5). 

t 

SIOSQUITOEB 

All of the experiments described below were performed ndth laboratory-reared 
Haemagogtis splcndcns. The management of a colony of this species has been 
described by Osomo (3). During the course of these experiments, no other 
infected mosquitoes were maintained in the laboratory. 

In order to obtain information vith regard to the effect of virus titer on the 
percentage of infected mosquitoes, only mosquitoes that engorged were kept; 
those not engorging were discarded immediately after having had an opportunity 
to feed. Mosquitoes feeding at a given time were maintained in separate cages 
and never mixed with any other group. 

VIRUS STRAIN 

Only the “Chichimene” strain of yellow fever virus was used. This strain was 
selected principally because it was a local strain and showed marked neurotropism 

• The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the Institute of Special Studies “Carlos Finlay,” main- 
tained by the Ministry of Labor, Hygiene and Social Welfare of the Republic of Colombia, 
and the International Health Division of The Rockefeller Foundation. 

613 



614 


CHAnLES R. AKDERSON A^’D ERNESTO OSORNO-MESA 


for white mice. The strain was originally isolated in a rhesus monkey infected 
by the bite of wild mosquitoes. It was then passaged once intracerebrally in 
white mice and reinoculatcd into a rhesus monkey, the dried serum of the latter 
ser\'ing as the source of virus in these experiments, A detailed description of the 
isolation of this strain may be found in the paper by Bugher et al. (1). 

MONKEYS 

Two species of local monkej’-s were used in the experiments, the saimiri monkey 
{Saimiri sciurciis caquctejists Allen) and the douroucouli {Aotiis trivirgatus). 
The monlceys* were all obtained from the Villavicencio area. A discussion of the 
nomenclature of the two types may be found in articles by Bates (6), and Bates 
and Roca (7). Only animals whose sera gave negative results in pre-experi- 
mental protection tests were used. 

MOUSE TECHNIQUES 

All tests for the presence of j^ellow fever virus in mosquitoes were made by 
subcutaneous inoculation of the mosquito suspension into 3- to 5-day-old mice, 
according to the method described by Bugher (8). Tests for circulating virus 
and the estimations of titer were all carried out in adult white mice inoculated 
intracerebrally, following the suggestions of Theiler (9). The sera were tested 
for the presence of yellow fever antibodies b 3 ’- the intracerebral method in 
accordance Mith the technique adopted by Bugher (10). 

CALCUL.A.TION OF TITERS 

All virus titers were calculated by the fifty per cent end point method 
recommended by Reed and Muench (11). 

EXPERIMENTAL 

The initial attempts to transmit yellow fever virus with Haemagogns splendens 
were made in saimiri monkeys. Although data were obtained indicating that the 
mosquitoes probably transmitted the virus, results were not decisive. Therefore, 
when Bates and Roca (7) described their experiments with the douroucouli, we 
decided to use that species in view of its more desirable characteristics. 

TRANSMISSION EXPERIMENTS 

Douroucouli No. 3527 was given 333 fifty per cent mouse mortalit 3 ’^ doses of 
Chichimene virus subcutaneously. On the fourth day after inoculation, when the 
monkey had fever, a group of 39 Haemagogus spkndens were allowed to feed. 
Serum obtained at the time of feeding had a virus titer of 1:4.0 X 10^. The 
following day, another group of 31 mosquitoes was fed and the serum at that 
time was found to have a virus titer of 1:2.1 X 10®. This monkey died on the 
sixth day after inoculation. 

The mosquitoes were kept in a constant temperature incubator at 30°C. until 

The authors Tvish to express their gratitude to Dr. Marston Bates who kindly supplied 
them with many of the monkeys used in these experiments. 
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they were used. Since the serum virus titer of the source monkey vas very high, 
it ^Yas decided to make the first attempt to transmit after a 9-day incubation 
period. Three mosquitoes verc, therefore, allowed to bite douroucouli No. 3528. 
After engorging, the mosquitoes were individually triturated and inoculated into 
groups of bab 3 " mice ; two of the three were found to contain virus. The monkej’- 
showed no evidence of infection, and serum taken on the fifth and seventh days 
after exposure failed to infect mice. A serum sample obtained 30 days after 
exposure gave a negative result in the protection test. 

Mtcr a 14-da3' incubation period, another group of three mosquitoes was 
allowed to bite douroucouli No. 3539. This monke 3 ’- likewise failed to show 
evidence of clinical infection or circulating virus, although each mosquito was 
found to contain virus. Again, the scrum sample taken 30 days after exposure 
did not contain specific antibod 3 '. 

Douroucouli No. 3540 was bitten b 3 ' five JIacmagogus splendcns that had been 
kept for 19 da 3 ’s. Four of the five mosquitoes were found to be infected, a 
Epecificit 3 ’ test indicating the virus to be that of 3 >’ellow fever. This monkey 
became ill on the fifth da 3 ’' after exposure. The disease progressed very rapidly, 
and the animal died the same day. Serum inoculated intracerebral^ into white 
mice showed the presence of 3 "ellow fever virus, as proved by a specificity test. 
The titer of virus in the semm was in excess of 1 : 1 X 10% the highest dilution 
tested. 

Douroucouli No, 3541 was bitten b 3 ’’ five mosquitoes that had also been kept 
for 19 days. .rUl of them contained virus. These mosquitoes had fed on 
douroucouli No. 3527 during the fifth day of its infection, whereas those feeding 
on No. 3540 had been fed on No. 3527 on the fourth day of infection. Monkey 
No. 3541 became ill four days after exposure and died later that day. However, 
before its death, a group of 18 normal Hacmagogns splendcns engorged on it. The 
serum, at the time of feeding, had a virus titer of no less than 1 : 1 X 10®, the end 
point not being reached. The ^'i^us isolated proved to be that of yellow fever, as 
indicated b 3 ’- the specificity test. 

In order to ensure cyclic transmission, another douroucouli, No. 3543, was 
infected b 3 ’’ bite of a group of five Haemagogus splendcns that had been kept for 
22 days after taking their infectious meal. Again all of the mosquitoes were 
found to be infected. This animal, although not clinically ill, was used to feed 30 
normal Haemagogus splmdens on the fourth day after exposure. The serum had 
a virus titer of no less than 1 : 1 X 10®, the end point again not being reached. 
The following day another group of 44 normal mosquitoes was fed, and the 
serum at that time had a titer of 1:2.5 X 10’’. This monkey died on the sixth 
day after being bitten. 

It was thought that these three lots of infected mosquitoes might be used to 
define the incubation period with a little more precision as well as to confirm the 
first transmission. In the first experiment, transmission was obtained after 19 
days but not after 14 days. 

Mosquitoes that fed on douroucouli No. 3541 were allowed to bite douroucouli 
No. 3534 after a 16-day interval. The monkey became ill and died on the fourth 
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day after exposure. Virus isolated from serum obtained before death was shown 
by specificity test to be yellow' fever virus. 

Four more of this group of mosquitoes -were allow’ed to bite douroucouli No. 
3542 after an 18-day incubation period. This monkey died on the fifth day 
after exposure, and yellow' fever virus was isolated from the bl )od, also proved 
by specificity test. All of the mosquitoes used to infect the last tw'o monkeys 
W’ere found to contain virus. 


Transmission 

cycle. 


Aolus 3527 
died 

of yellow fever 


I 



/loins 3528 
survived 



Aotus 3539 
survived 


Aolus 3540 
died of 
yellow fever 


Aohis 3541 
died of 
yellow fever 


Aolus 3543 
died of 
yellow lever 


II 


Haemagogus 


16 


18 


Aolus 3534 
died of 
yellow fever 


Aolus 3542 
died of 
yellow fever 


Fig. 1. Diagram op Cycles -with Haemagoqus Splekdens 


*The figures represent the incubation period in days at SO’C. 


The data have been summarized graphically in Figure 1. 

All of the monkeys that died of yellow fever were found to have lesions in the 
liver characterized by a coagulative necrosis similar to that observed by Gast in 
histological examination of liver material from douroucoulis used in the infection 
experiments of Bates and Roca (see (7), Bates and Roca-Garcia, 1945). 

It can therefore be seen that Haemagogus splendens is a proved laboratory 
vector of yellow fever virus and a potential natural vector. The “extrinsic 
incubation period” has been found to be between 14-16 days in mosquitoes kept 
at constant temperature of 30°C. This is very close to the interval found neces- 
sary to obtain transmission with Haemagogus spegazziniifalco by Bates and Roca 
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(5). Proof of tlie r6le of Haemagogiis splendens in the epidemiology of jungle 
yellow fever awaits the evidence that can be supplied only by field studies. 

RELATIONSHIP OP VIRUS TITER IN THE MONKEY-TO-MOSQUITO INFECTION 

Bates and Roca (6) have discussed several of the factors concerned in the 
infection of Haemagogus spegazzinii falco with yellow fever virus. One of these 
factors was found to be the amount of virus ingested. This is, naturally, related 
to the titer of virus in the circulation of the source animal. During the course of 
these experiments, a number of mosquitoes were tested for virus, after a 10-day 
incubation period, following engorgement on animals with widely varying virus 


TABLE I 

InUuence of virus tiler on the percentage of mosquitoes found infected after a 10-day incubation 

period 


ANIMAL USED 

AS INrECTJOUS 
MEAL 

VmVS TITEB 

TEMPERATURE AT 
WHICH MOSQUITOES 

^VI:RE kept 

NUMBER 

OP MOSQUITOES 
TESTED 

PERCENTAGE 

OF MOSQUITOES 
INFECTED 

(1) Saimiri 

1:3.2 

X 

102 

30*0. 

75 

0 


1:1.3 

X 

102 

30“C. 

45 

2 

(2) Saimiri 

1:1.4 

X 

10’ 

25*0. 

6 

1 

0 

(3) Saimiri 

1:3.0 

X 

10< ' 

30*0. 

9 

22 


1:2.0 

X 

10’ 

30*0. 

28 

0 

(4) Saimiri 

1:1.7 

X 

10< 

30*0. 

39 

6 

(5) Saimiri 

1:1.6 

X 

10» 

30*0. 

24 

100 

(6) AotUB 

1:4.3 

X 

10’ 

30*0. 

7 

86 

' 

1:2.1 

X 

10’ ^ 

30*0. 


100 

(7) Aotus 

1:1.0 

X 

10’* 

30*0. 

9 

100 


* The end point of the titration was not obtained. 


titers. The presence of virus was determined by inoculating intracerebrally 
into mice a suspension of the triturated mosquitoes. The results are presented 
in Table I. It can be seen that with the higher titers almost all of the mosquitoes 
are infected, and that as the titer diminishes the percentage of virus-containing 
mosquitoes likewise diminishes. Titers of about 1:1,000 seem to be critical,^ no 
virus being recovered from mosquitoes feeding on animals with a loiv titer 

SUMMARY 

It has been demonstrated that Haemagogus splendens will transmit yellow fever 
in the laboratory. The extrinsic incubation in this species was found to^be 
between 14 and 16 days in mosquitoes kept at a constant temperature ofSO C. 
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The titer of circulating virus of the source animal was fomid to be related to the 
percentage of mosquitoes infected. 

BIBLIOGRAPHY 

1. Bughek, J. C., Boshell-jManrique, J., Roca-GarcIa, M., and Osorno-Mesa, E. 

Epidemiology of jungle yellow fever in eastern Colombia. Am. J. Hyg., 39, 1&-51, 

1944. 

2. Kumm, H.W., Osorno-Mesa, E., AND Boshell-Manriqtje, J. Studies on mosquitoes 

of the genus Haemagogus in Colombia. Am. J. Hyg., 43, 13-28, 1946. 

3. Osorno-Mesa, E. In press, Caldasia, Bogotd. 

4. Waddell, M. B., and Tatlor, R. M. Studies on the cyclic passage of yellow fever virus 

in South American mammals and mosquitoes. Am. J. Trop. Med., 25, 225-230, 

1945. 

5. Bates, M., and Roca-Garcia, M. Laboratory studies of the saimiri-haemagogus 

cycle of jungle yellow fever. Am. J. Trop. Med., 25, 203-216, 1944. 

6. Bates, M. The saimiri monkey as an experimental host for the virus of yellow fever. 

Am. J. Trop. Med., 24, 83-89, 1944. 

7. Bates, M., and Roc.a-Garcia, M. The douroucouli (Aoius) in laboratory cycles of 

yellow fever. Am. J. Trop. Med., 26, 385-389, 1945. 

8. Bucher, J. C. The use of baby mice in yellow fever studies. Am. J. Trop. Med., 21, 

299-307, 1941. 

9. Theiler, M. Studies on the action of yellow fever virus in mice. Ann. Trop. Med. & 

Parasit., 24, 249-272, 1930. 

10. Bugher, j. C. The demonstration of yellow fever antibodies in animal sera by the 
intracerebral protection test in mice. Am. J. Trop. Med., 20, 809-841, 1940. 

H. Reed, L. J., and Muench, H. A simple method of estimating fifty per cent end-points. 
Am. J. Hyg., 27, 493-497, 1938. 


TI-IE DISTRIBUTION OF MURINE TYPHUS IN RATS AND IN 

HUIMANS IN SAN ANTONIO 

DAVID E, DAVISi and MORRIS POLLARD’ 

INTRODUCTION 

Murine typhus fever, because it is primarily a rat disease, v-ill naturally 
occur -with greatest frequency in humans uhere the rat population is the high- 
est. However, the mere presence of rats does not mean that typhus is also 
present. Other factors, especially the number of fleas and the density of rats 
in an area, must be considered as well as the presence of the typhus agent. 

The aim of this paper is to describe the widespread distribution of t5’^phus in 
rats in various areas of the cit}*^ of San Antonio and to show the origin of human 
cases. Previous investigations of murine typhus fever (1, 2) have emphasized 
the localized distribution of the disease in the commercial districts and in con- 
nection with food handling establishments especially. 

The prevalence of typhus in rats was determined by the presence of antibodies 
as indicated by the complement-fixation test for murine typhus. The human 
cases were reported to the San Antonio Health Department and were then in- 
vestigated to determine the most probable source of infection. A special effort 
was made in 1944 to improve reporting by interviews with physicians. In 
1945 for the typhus season an epidemiologist was assigned to the Health De- 
partment. He improved reporting by personal interviews, by letters, and 
through the cooperation of the Bexar County Medical Society. In most in- 
stances rats were trapped at one or more supposed sources to determine if 
complement fixing antibodies or the typhus agents were present. 

San Antonio has about an equal number of the two species of commensal 
rats. The Roof Rat {Rallus ralltis) is most common in the downtomi business 
district and in houses and garages. The Brown Rat {Ratlus norvegicus) is most 
common in grain mills, grocery stores and around chicken coops. In some places 
both species occur in the same building. The most common flea is the rat flea 
{Xcnopsylla chcopis) which reaches its seasonal peak of abundance in May and 
June. Another flea {Lcptopsylla segnis) is most common in March. Nosopsyl- 
his fasciah(S is rare. The mite Liponyssvs hacoli is common in winter and 
Evlaclaps sp. (haioaiicnsis?) is found in the summer. 

For the purpose of this vt’ork the city has been arbitrarily divided up into 
areas in relation to typhus fever. These districts are purelj’’ artificial and are 
based on a knowledge of the tj^pe of inhabitants and the rat infestation. The 
boundary lines are arbitrarity drawn and probably could be better arranged in 
some small sections, but extreme refinement is not possible or necessary. The 
districts indicated in the map are described in table 1. 

’ Senior Assistant Sanitarian (R), U. S. Public Health Service, States Relation Divi- 
sion. 

’ Major, Veterinary Corps, Sth Service Conjmand, Laboratory, Port Sam Houston. 
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District 1 is the best residential area and has few stores. Districts 2, 3, and 
4 are primarily residential but have many corner groceries and some factories 
and grain mills. Certain parts have poor sanitary conditions. District 6 
includes the downtown business center and nearby factories and warehouses. 
There are many residences, some good, some poor, scattered throughout the 
districts. District 5 stands apart from the others because of its poverty, in- 
adequate sanitary conditions and the nearby produce markets. 

TABLE 1 


Characteristics of the districts of San Antonio 


districts 

TYPE 

RACE 

PERSONS 

PER 

1 ACRE 

STORES 

SLTJUS 

GRAIN miXS 

RATS 

1 

Fine resi- 
dential 

Whites 

10-15 

Good shopping 
centers 

None 

None 

Rare 

2 

Business, 

resident- 

ial 

Whites, few 
Negroes 

15-25 

Small factories, 
many corner 
groceries, etc. 

Few 

blocks 

Several 

Common 

3 

Fair and 
good res- 
idential 

Whites, 

Negroes 

10-20 

Comer grocery, 
poor shopping 
centers 

Certain 

parts 

None 

Fairly 

com- 

mon 

4 

Fair and 
good res- 
idential 

Whites, 
Mexi- 
cans, few 
Negroes 

25-30 

Many corner gro- 
ceries, poor 
shopping cen- 
ters 

Certain 

parts 

Few 

Common 

5 

Slum, res- 
idential, 
business 

Mexicans 

45-80 

Factories, poor 
stores 

Complete 

1 

Several 

Abund- 

ant 

6 

Business 

Whites 

10-15 

Commercial dis- 
trict 

None 

None 

Abund- 

ant 


THE DISTRIBUTION OF TYPHUS IN RATS 

The distribution of typhus in rats (table 2) has been determined by the com- 
plement fixation test, which indicates that the rats have been infected in the 
past. In a few cases the typhus agent was isolated from the brain and in several 
cases the flea feces were tested for rickettsiae. The rats are divided into species 
and totaled according to the t 3 TJe of establishment. Young rats are individuals 
not 3 ’et sexually mature. Young Roof Rats usually measure less than 140 
mm for length of body plus head, and young Brown Rats usuallj' measure less 
than 160 mm. 

The rats tested in districts 3, 4, 5, and 6 are a random sample of the rats which 
were collected by going from block to block looking for suitable places to trap 
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rats. The figures include, however, rats trapped at the suspected sources of 
tj'phus and hence are slightly biased. The rats from districts 1 and 2 are biased 
because systematic trapping was not done except in a few shopping centers. 
About half of these rats came from suspected sources of tj'phus. 

Evidence of the presence of tj'^phus fever has been found in all districts. Dis- 
tricts 1 and 3 have definitely low percentages of positive rats. The small 
numbers of rats tested reflects the fact that these districts have few rats which 
are found in only a few widel 3 ''-separated stores or chicken coops. 

TABLE 2 


Percentage of ■positive rats hy districts 



DISTRICT 1 

DISTRICT 2 

DISTRICT 3 

DISTRICT i 

DISTRICT S 

DISTRICT 6 

Rats 

Per 

cent 

Rats 

Per 

cent 

Rats 

Per 

cent 

Rats 

Per 

cent 

Rats 

Per 

cent 

Rats 

Per 

cent 

Rattus rattus 













Adults 

IG 


26 

31 

12 

s 

46 

11 

147 

52 

35 

31 

Residences 

s 


2 

50 


0 

36 

14 

39 

49 

0 


Stores 

s 

0 

4 

50 


20 

10 

0 

3S 

42 

35 

31 

Mills 

0 


19 

26 

0 


0 



63 

0 


Young 

12 

17 

32 

13 

15 

13 

6S 

7 

lOS 

21 

51 

14 

Residences 

3 

67 

14 

14 

3 

33 

56 

7 

31 

13 

0 


Stores 

9 

0 

3 

15 

14 

7 

12 

7 

2S 

71 

51 

14 

Mills 

0 


15 

0 



0 


49 

35 

0 


Rattus norvcgicus 
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31 

16 

9S 

61 


35 

41 

22 

126 

C6 

02 

50 

Residences 

10 

40 

9 

56 


40 

27 

9 

46 

63 

0 


Stores 

21 

5 

16 

69 

H 

29 

9 

5 

42 

59 

62 

.60 

Mills 

0 


73 

CO 

0 


5 

so 

3S 

76 

0 



14 

36 

57 

35 

14 


20 


S6 

43 

31 

45 

Residences 

9 

56 

14 

57 

5 


21 

5 

49 

30 

0 


Stores 

5 

El 

12 

50 

9 

11 

o 

0 

23 

9 
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4.6 

Mills 

0 


7 

20 



5 

20 

M 





Districts 2, 4, and G maj* be put in one group according to tlie ]>crccntag( ? of 
positive rats although the districts arc not similar in other characteristics. 'J ia' 
presence of typhus in these areas is usually dependent upon local group'; of 
stores or poor dwellings with heavy infestations of rat.s and some p.arts of tlKS" 
disti'icts arc free of rats and typhus. .The donntown Uusir.c.';.'; aixr.. iv-caiuo of 
the large number of food c.'^tablishmcnts, has many rats. 


District 5 stands apart, from all others because of the high pcrcrnt.acr <>: po j- 
tive rats. It consists of slums inhabited by very psHW I/itin-Anc. r.r.u 

h.Tving poor cafes and small groceries. In addition there .an' :n.nny 
stores and grain mills. The large numlrcr of rats tr-'-ted the t.-.ci that 

rats arc abundant and that much tmpping wa^;^ done isi tr.e csittrirt K rauv' e-f 
the amount of typhus. 
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THE OCCHERENCE OP HUMAN CASES (MAY 1944r-OCT. 1945) 

The number of cases in each district is summarized in table 3. The column 
“source” means that the case most probably originated in the district. Under 
the column “unknown” are noted the residences of cases of unknown origin. 
Frequently it was certain that such a case was contracted within the district 
but the exact place was unknown. 

The most probable origins of the cases are located on the map. Cases of 
unknown origin are not located but are totaled in table 3. 

Control measures consisting of rat-proofing and eradication w^ere begun in 
the downtown area (district 6) in August 1944 and probably prevented some 
cases there in 1945. A control program of killing fleas by dusting rat runs with 
DDT was conducted in districts 4, 5, and part of 3 in the Spring of 1945 and 

TABLE 3 


Probable source of typhus in districts [May 1944-Oct. 19^5) 


DISTRICT 

YEAR 


SOURCE UNKNOWN RESIDENCE 
IN DISTRICT 

1 

1944 


9 


1945 

6 

1 

2 

2 

1944 

10 

fi 


1945 

26 

9 

3 

1944 

13 

14 


1945 

8 

6 

4 

1944 

2 

2 


j 1945 

6 

2 

5 

i 1944 

13 

2 


1945 

10 

4 

6 

1944 

8 

1 


i 1945 

3 



apparently prevented the occurrence of some typhus cases in those districts. 
Hence the map and table 3 would probably have shown more cases in these two 
areas. 

The map and table 3 show the widespread occurrence of typhus throughout 
the city. Positive rats and human infections occur in all districts although 
there are considerable differences among districts. 

The occurrence of typhus fever in district 1 in 1945 is possibly an example of 
extension of distribution of infected rats. In 1944 no human case was traced 
to that district although several persons who contracted typhus lived there. 
A sur\>-ey of the shopping centers indicated few rats and all of 16 rats tested were 
found to be negative. In 1945, 6 cases were clearly contracted in district 1 
and positive rats were caught at 4 places, one being a store in which only nega- 























Fig. 1 


available evidence does suggest that typhus did iuvade the good residential 
district in 1945. Hovever there is a possibihty that a certain woman became 
infected in district 1 in 1943. 
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The number of cases of unknoum source but living in districts 2, 3, and 5 is 
noteworthy. In many cases it was obvious that the person became infected 
near the residence. In contrast district 1 is very different. In 1944 the cases 
of unknown source living in district 1 appear to have become infected elsewhere. 
Seven of the 9 persons were men; 1 was a retired colonel and 8 worked dovn- 
tovm; one of these ovned a restaurant and another was manager of a Avholesale 
grocery. There is no evidence that .anyone became infected in district 1 in 
1944. 

There is only a general correlation between percentages of positive rats and 
the number of human cases in a district. The districts unth high percentages 
of positive rats tend to have most typhus cases. But, for example, district 3 
has many cases of typhus but not a high percentage of positive rats. Typhus 
in that district depends upon small centers of poor houses or stores and upon 
rats at chicken coops. The occurrence of typhus in other districts supports 
the idea that infection in rats is frequentty localized in small areas. The meth- 
ods designed to control typhus fever, therefore, should be aimed at small local- 
ized sources of infection instead of at general districts. 

SXDMMARY 

To determine the spatial distribution of murine typhus fever in San Antonio 
in 1944 and 1945 rats were collected throughout the city and tested for the pres- 
ence of complement fixing antibodies for typhus. The human cases were in- 
vestigated to determine the most probable source of infection. The city was 
divided into 6 arbitrary districts according to the characteristics of the inhabi- 
tants and amount of typhus. 

Rats positive for typhus fever have been found in aU districts but the good 
residential areas have low percentages of positives. The fairly good residential 
areas and the business districts have about 40 per cent of rats positive. The 
very poor slum district has about 60 per cent of the rats positive. 

Human cases originated in all districts and showed a general but not detailed 
correlation unth the percentages of positive rats. Apparently human infec- 
tions depend upon a local concentration of positive rats rather than a uniform 
distribution of infected rats in an area. 
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PATHOLOGIC STUDY OF NATURAL AMEBIC INFECTION 

IN IMACAQUES’- ^ 

VICTOR P. BOND, WARREN BOSTICK, EDER LINDSAY HANSEN 
AND imilLTON H. ANDERSON 

From ihe Divisions of Pharmacology and Pathology, University of California Medical School, 

San Francisco 

In 1904, Musgrave and Clegg reported that Macacus cynomologiis and M. 
philippinensis naturally contracted amebiasis and developed ulceration of the 
colon (1). This evidence, and that derived from KesseFs investigation as well, 
favored the conclusion that the intestinal protozoa of macaques and man are 
identical. Six macaques were autopsied by Kessel, 4 had no mucosal changes. 
In 2 animals amebas were found in the mucosa and submucosa and also in the 
lymph follicles. 

Endamoeha histolytica then, naturally infecting monkeys, is believed to be 
identical with the protozoan which causes amebiasis in man. This opinion is 
based on the studies of morphology by Kessel (1), Hegner and Chu (2), and on 
the work of Dobell (3), and Hegner et al. (4), who were able to infect Macacus 
rhesus with pathogenic amebas isolated from man. Craig and Swartzwelder 
(5), observ'^ed that monkeys, naturally or experunentally infected vnth amebas, 
gave positive complement fixation tests. 

Because of the similarity between amebic infection in man and macaques, 
naturally infected monkeys were used in the testing of potential amebacides 
by Anderson and Koch (6), 

The pathologic data presented in this study tend to support the reports of 
Kessel (1) and Hegner et al. (4), and Johnson (7), who have shown that E. 
histolytica is a tissue parasite of monkeys. A careful gross and microscopic 
examination was made of 5 monkeys that died or were sacrificed during unsuc- 
cessful treatment with possible amebacides. Tissues for the histopathologic 
study were fixed in Schaudinn’s solution and stained with hematoxylin and eosin 
and Heidenhain’s iron hematoxylin solutions. 

NATURE OF THE INFECTION 

Though none of the monlceys showed sj^mptoms of dysenteiy, the presence of 
amebas in the 5 animals was established by microscopic examination of the 
stools. These were fixed in Schaudinn’s solution and stained vfith iron hema- 
toxylin (8). Cysts of E. histolytica were found in about 75 per cent of the stools 
examined. Other amebas likely to be confused noth E. histolytica were also 

1 The work described in this paper was done under a contract recommended by the 
Committee on Medical Research, Office of Scientific Research and Development, and the 
University of California. With the technical assistance of Elsa I\I. Zitcer. 

* Read at the Annual Meeting of the American Society of Tropical Jledicinc, at Cin- 
cinnati, Ohio,November 14, 1945. 
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noted : viz, Endamoeha coU, EndoUmax nana and lodamoeha hutschlii. Kessel (1) , 
Dobell (9), and Hegner and Chu (2), have shovni that these are the same species 
as found in man. Blastocysts and flagellates were also found. 

E. histolytica occurred in the form of both trophozoites and cysts. Quadri- 
nucleated cysts, found at intervals, were considered pathognomonic for infection. 
Usually, however, the cysts were uninucleated. They were never numerous, 
rarely more than 3 in a stained smear, and were greatly exceeded in number by 
the cysts of E. coli. A similar finding was reported by Lincicome (10), who 
coimted the cysts passed during 24-hour periods. 

The forms of E. histolytica showed considerable variation in size, and appeared 
to fall into two classes. In the smaller race, the trophozoites and the uni- and 
quadrinucleated cysts were about 5^ in diameter. In the larger race, the tro- 
phozoites were from 13m to 17m, the precysts from 6m to 10m, and the uni- and 
quadrinucleated cysts were from 6 m to 14m ^ diameter. These measurements 
are smaller than those reported by Hegner and Chu (2). 

E. coli also was generally smaller than reported by Hegner and Chu (2). The 
trophozoites ranged from 8 m to 22m, the binucleated cysts from 9m to 14m and the 
octanucleated cysts from 12m to 18m hi diameter. Measurements were not made 
of other species. 


COURSE OF INFECTION 

Of the 5 animals selected for study, one had not been treated. One had been 
treated and subsequently passed no cysts in the 58 days following therapy- A 
few cysts were found in stained smears made from the contents of the bowel at 
the time of autopsy. This animal had passed numerous cysts before treatment. 
The other 3 animals had been unsuccessfully treated several times. During the 
period of therapj'- all amebas disappeared from the stools. Immediately fol- 
lowing treatment the non-pathogenic species were again foxmd. E. histolytica 
was absent from the stools for from 3 to 8 days after treatment and then re- 
appeared. One of these monkeys died after another unsuccessful treatment. 
Another died during treatment and the third died after treatment with emetine. 
In the latter animal amebas could not be found in stained smears of fecal material, 
however culture from the contents of the bowel was positive for E. histolytica. 

GROSS PATHOLOGIC FINDINGS 

All animals were completely studied at autopsy, except for the head. In the 
intestinal tract, abnormalities were limited to the large bowel. There was some 
generalized congestion and in a few areas in each animal, except one, scattered 
pin-point mucusal hemorrhages were seen. These appeared to be very super- 
ficial and not limited to any one portion of the large bowel. N o gross evidence of 
ulceration was found. The other tissues examined were not imusual except for 
the presence of tuberculosis. 

MICROSCOPIC DESCRIPTION 

The pictures presented by sections of the large bowel were essentially similar 
throughout in all 5 monkeys. A patchy, low-grade, chronic inflammatory re- 
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action of tlic mucosal layers ivas observed. This was characterized by edema, 
increased numbers of lymphocytes and plasma cells together with varying 
numbers of maerophages often showing phagocytosis. Foci of interstitial 
hemorrhages were encountered occasionally, and rather rareb”^ a shallow ulcer in 
the mucosa was noted. More frequently there were seen cystic solitary glands of 
Lieberkiihn that were dilated to 3 or 4 times their usual size. These contained 
serous material, cellular debris and scattered polynuclear leucocj'tes. There was 
little surrounding inflammatoiy reaction. 

Ko amebas were found in or around the superficial ulcers. However, in at 
least one instance an ameba was intimately associated with an inflammatoiy, 
cystic, rectal gland. All amebas encountered had invaded onb' as far as the 
mucosal laji'er. Man}’- of these lay only in the gland crypts. However, an oc- 
casional ameba was seen lying in and invading the tissues (fig. 1). From their 
position and distribution it seemed probable that they first entered near the 
mouth of the crypt and then invaded the inter-glandular papillae of the lamina 
propria (fig. 2). Fsually the tissue reaction around thc.^e amebas ivas minimal 
but in one instance there was a cy,stic inflammatoiy Leiberkiilin crypt associated 
with an ameba. 

The muscularis mucosa was intact and in the submucosa no abnormalities 
were seen. The b^riphoid tissues presented no amebas; they were not inflamed 
and showed no “follicular abscess” formation. The muscular and serosal layers 
were not unusual. In no section was there seen any reaction to tuberculosis. 

The amebas seen in the section could usually be identified as to species. With- 
in the lumen of the bowel, £/. coli were often seen as well as E. hislolylica. In 
the tissues the species was E. hislolylica. In both sites occasional organisms 
could not be specifically identified. 

Sections of the other tissues of these animals revealed no abnormalities e.xccpt 
tuberculosis. 


DISCUSSION 

E. hislolylica was demonstrated invading the tissues of naturall}'' infected 
macaques. The possibility of this having been a post mortem migration (11) 
can be ruled out since amebas were found in fre.sh material fixed immediateb’' 
after death. Although some gross and microscopic hemorrhages and inflam- 
matory lesions were noted, it is difflcult to relate’ them positively to the presence 
of amebas. In most instances there Avere n.^ organisms demonstrated in or 
around the inflammatory foci. HoAvever, .since in one animal an ameba was 
found intimately associated Avith a cystic and inflamed ciypt of Lieberkiihn, it 
cannot be denied that the ameba may ha.A’-e been etiologically related to these 
esions as aa'cII as to the occasional interstitial hemorrhages, .superficial ulcerations 
and chronic reaction encountered. 

The inAmsh’-eness of amebas AA-as probably of a low order in AueAV of 
their limitation to the mucosa. No abnormalities were seen in the lymphoid 
tissues peripheral to the muscularis mucosa. Such a pathologic finding is con- 
sistent AA-ith the clinical appearance of the animals. They had no diarrhea, gross 
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intestinal hemorrhage nor evidence of active amebic disease. Clinically they 
would have to be considered as c3'-st passei's in a “cai-rier” phase of the disease, 
therefore virulent amebic tissue invasion, obvious amebic intestinal lesions and 
vigorous host reaction could not be expected. 

SUMMAlly 

E, histolytica were found in the mucous membrane of naturally infected 
macaques. In all animals examined there were patchy, low-grade, chronic in- 
flammatory reactions and scattered cystic and inflamed crypts of Lieberkiihn. 
The direct relationship of these abnormalities to the presence of the ameba was 
not positively established, although certainl3' there seemed to be an invasiveness 
of a low order. Usualh' the amebas hung in the tissues were associated with 
minimal tissue reaction. 

The amebas were located only in the mucous membrane laj^ei- and from their 
position would tend to support the idea that the3’- first entered the tissues near 
the mouth of the cryptal glands where the3’' passed directly into the interglandu- 
lar papilla of the lamina propria. 

On the basis of these pathologic findings, it is our belief that natural^’' in- 
fected monkc3'S (j}Iacacus rhesvs) serve as suitable laboratoi^v animals in the 
stud3' of proposed amebacides. 
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ASIATIC CHOLERA 

ClilKICAL StUDT and EXPERIMENTAL TheRAPY WITH STREPTOMYCIN^ 

HOBART A. REI3MAHN,= GEORGE C. T. CHANG, LIANG-WEI CHU, P. Y. LIU, 

AND YINg OU 

From the Shao Lung Kan Emergency Cholera Hospital of the National Health Administration 
of China, arid {Drs. Liu and Ou) the National Hsiang-ya Medical College and the Chungking 

Central Hospital 

After the epidemic of 1873, cholera ceased to be a problem in the United States. 
Occasional outbreaks occurred on ships arrimng from epidemic areas, but the 
disease never gained further foothold here and perhaps never will except for some 
unforseen catastrophe. Cholera is still endemic and periodical^ epidemic in 
China, India and elsewhere in the orient, and will continue to be as long as there 
are poverty and overcrowding. During the early summer of 1945 cholera was an 
added threat to the mihtary operations in progi'ess in southern China. 

In May, much earlier than usual, cholera broke out and soon reached alarming 
proportions in the overerotrded city of Chungking. In June 839 cases mth 
132 deaths were reported and in July 1250 cases Y-ith 220 deaths. By mid-July 
the epidemic reached its peak, declined gradually and was over b}’" the end of 
August. A total of 2374 cases, 392 deaths and a mortality rate of 16 per cent 
were reported. The statistics underestimate the extent of the epidemic for, 
without doubt, many severe attacks and deaths and manj’- mild cases were not 
officiall}'- registered because of administrative and other difficulties. Patients 
with mild attacks seldom seek medical aid and mild attacks cannot be diagnosed 
as cholera without bacteriologic study. Several ambulatoiy patients were ob- 
served during the epidemic who had only a day or two of malaise, anore.xia, 
vomiting and a few copious wateiy stools containing V. comma. So far as is 
knovm onty 6 or 7 occidentals contracted cholera during the epidemic. 

To combat the epidemic, local Chinese health officei's set up 720 beds in 10 
emergency cholera hospitals established in earlj”^ July in different parts of the city. 
The hospital where these studies were made was hastilj^ organized in a week and 
housed in an abandoned theater large enough to hold 72 bamboo pallets. A 
partition of matting down the center divided the beds equally for men on one 
side, women and children on the other (fig. 1). The floor was earthen and addi- 
tional windows were knocked in the walls. Windows and doors were screened 
with cloth mesh. An adjacent screened building contained an office, sleeping 
and dining quarters for the staff doctors and a laboratory with meager equip- 
ment for counting blood, staining slides, and preparing fluids for intravenous 
injection. 

* The streptomj-cin used in this study was generously supplied by Merck ik Co., Ine., 
Rahway, N . J. 

-Medical Officer for the study of cholera. United Nations Relief and Rehabilitation 
Administration, Chungking; and from the JefTei'son Medical College and Hospital, Phila- 
delphia, Pa. 
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The staff consisted of a director, five other physicians, and a variable number 
of nurses, aides and coolies depending upon the number of patients present. All 
n ere vaccinated against cholera and instructed in special nursing and antiseptic 
technic. None contracted the disease. 

During the existence of the hospital from July 12 to August 31, one hundred 
and sixty patients vere treated. Of these about 100 had clinicall 3 '^ typical 
cholera vith bacteriologic proof; 40 were clinically typical cholera without bac- 
teriologic proof, and 20 probablj'- had other disease. Later in the study, improved 
technic, as described later, gave a higher percentage of positive cultures. 



Fig. 1 Sectiox of \n Emergexcy Cholera Hospital ix i Cixema Theater 
Beds are arranged in 3 roRs— A, B and C of 12 beds each and numbered accordingly. 
\\ omen s and children s section is on the other side of the partition at the left. 


GENERAL JLVNAGEMENT 

After admission of a patient to the hospital bj’^ yvay of stretcher, rickshaw, 
cart, or on the back of a friend, a historj’^ and ph 3 '^sical examination were recorded. 
Two glass tubes were in turn inserted into the rectum, a specimen of stool was 
obtained and examined b 3 ' a smear stained with dilute fuchsin, and the rest was 
sent to the laboratory at the Central Hospital for culture and identification. A 
blood count v as made and the specific gra\dty of the blood was measured at the 
bedside with the copper sulfate solution droplet suspension technic (1). 

The patient was then placed on a pallet made of strips of bamboo in a frame 
supported b 3 ' two trellises, and in which a hole 6 in. x G in. was cut near the center 
for the passage of stools in the recumbent or sitting position (fig. 2). The stools 
discharged directly into a 1 per cent solution of cresol in a pot held by a pedestal. 
At the bedside, a basin for vomitus contained the same solution. Urine was 
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age was covered with lime and sprayed with cresol solution. The bucket of 
collected excrement was emptied into a deep covered pit outside. 

Since cholera must be regarded as a therapeutic emergency, intravenous 
infusion of 1000 cc. to 2000 cc. of warmed physiologic salt solution was given 
immediately, the amount determined by the size of the patient and the degree of 
dehydration as measured by the specific gravity of the blood. About 300 cc. of 
2 per cent sodium bicarbonate solution was added to each injection to combat 
acidosis when collapse was present or threatened. The flow was adjusted from 
60 cc. to 100 cc. a minute. Infusions were given by the intrasternal route to 
great advantage in 8 patients whose veins were inaccessible. The specific 
gravity of the blood was measured before and after each injection, and if high 
afterward, more fluid was given until the normal of 1.054 to 1.058 was attained. 
The patient was given 50 cc. or more of 1 per cent solution of sodium bicarbonate 
to dimk every 15 minutes during the acute stage. Patients were urged to drink 
water or tea and were given liquid, then solid food as soon as they desired it. 
Chills were relieved by hot water bottles and padded quilts. 

Amazing improvement usually came during or after rehydration, with return 
to consciousness; recovery from collapse, hypotension, hypothermia, purging, 
vomiting and cyanosis; cessation of cramps; an increase of urine and filling out 
of the shrunken skin. In some patients, continued loss of fluid and repeated 
collapses required repeated infusions, each controlled by specific gravity meas- 
urements of the blood. Fluid loss in case 3 amounted to 7300 cc., nearly two 
gallons in one day. Smears and cultures of the stools were made daily or every 
second or third day. Patients were kept in the hospital seven to ten days but 
often insisted upon leaving sooner. The stools were usually vibrio-free by this 
time. Under these favorable conditions for treatment only 7 cholera patients 
died or 5 per cent. The low mortality rate was ascribed to prompt, vigorous, 
controlled rehydration and the restoration of mineral metabolites, repeated when 
necessary, and good medical care by a relatively large, well-trained staff. The 
average duration of the disease, thus treated, was about 4 days. It was difficult 
at times to date the end-point of the attacks; recovery was recorded at the time 
the diarrhea stopped and the patient felt well. In some instances diarrhea 
persisted a da}’’ or two after sjonptoms ceased; in some, diarrhea stopped first, 
and in others, both ended at once. Uremia and other severe manifestations 
which sometimes develop in cholera did not occur except in the few who died. 
Of these, 3 had severe attacks and were treated late in the disease, tivo were over 
60 yeai-s old, one had malaria also, and in one the diagnosis was uncertain. 

BACTERIOLOGIC METHODS 

Cultures at first were made from the passed stools, but the percentage of posi- 
tive cultures later was increased by obtaining samples from the rectum. Two 
glass tubes (fig. 4) in turn were inserted about three inches into the rectum, 
drawn back and forth gently several times until fluid entered the side aperture 
and collected in the rounded end. 

A smear on a glass slide made from material adhering to the outside Avas stained 
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and examined, and the tube wa.s placed in a sterile test tube containing alkaline 
peptone Avatcr at pH 8.4 (2). The other specimen tube was placed in a test tube 
containing boric acid-sodium chloride preservative mediimi at pH 9.2 (3), a 
procedure of especial value. Both tubes were sent to the laboratoiy immedi- 
ately. Ihe peptone water tube was placed at 37°C. for six to eight hours and 
the inoculated preservative medium was kept for later study if needed. 

At the end of six to eight hours the peptone water culture was observed for 
turbidity and a .surface jielliclo. A smear ivas made and stained b}'' Gram’s 
method and dilute carbol fuchsin. If organisms typical of T'^. comma were seen, 
a hanging drop preparation was made to observe their motilit 5 ^ From the same 
culture, a slide agglutination test Avas made using immune cholera 0-group 1 
serum, diluted 1 to 100, together ivith a control preparation. Agglutination 
gaA'e presumptive identification Avhich AA’as confinned by further studjL 

In the case of scanty groAvth or of doubtful identitj’^, subculture Avas made 
in another tube of peptone Avater and the aboA'e described procedure Avas repeated. 

From either the first or second peptone cultiu-e, AA'hich may contain a variety 
of bacteria, several loopfuls of the surface groAA'th AA'ere streaked on alkaline 


Fig. 4. O.xe-Qu.arter Ixch Gl.ass Tube, 7 Ixches Loxg aa'ith a Pore Xear the Closed 

END, FOR THE COLLECTION' OF LIQUID StOOLS FROM THE ReCTUM 

(pH 8.4) nutrient agar plates and incubated at 37°C. OA’-ernight. Likely colonies 
of 1'. comma AA'ere glistening, translucent, flat domes. A third of a typical colon}'- 
AA'as used for a stained slide preparation to identify comma forms; if present, 
one-third of the colony AA'as used for an agglutination test made as described 
before. If positiA’-e, clumping can be seen easily AA'ithin fiA^e minutes. Micro- 
scopically, there is entanglement and loss of motility. IITien this occurs, the 
remainder of the colony is studied as presently described. 

jMeanAA'hile, a portion of the peptone AA'ater subculture is used for the cholera- 
red test but a positiAm reaction is non-specific and is used only for further support 
of identification. 

Tidien no suspicious colonies aa’ci’c found on the agar plate, the specimen 
preseiA’-ed in boric medium aa’rs tested. Transfer of 0.1 ml. AA'as made to alkaline 
peptone water and incubated. If eA'en this procedure failed to reA'-eal T^. comma 
it is unlikely that any AA'ere present in the specimens and a negatme report AA'as 
giA^en. 

The pi'ocedures just described identified V. comma isolated from most of the 
cholera patients. In case of doubt AA'ith inagglutinable A'ibrios, other studies 
AA'ere needed for identification, such as fei'mentation tests AA'ith saccharose and 
arabinose, the standard hemolysis test AA'ith goats’ cells, detailed serologic 
examination with serum of 0 sub-types Ogawa and Inaba, and lastly the Pfeiffer 
phenomenon in guinea pigs. The bacteriologic procedures are meticulous 
and time consuming. Strains of V. comma isolated during the study Avere later 
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classified as of the Ogawa variety b 3 '’ Doctor Seastoiie at the Armj’- hledical Cen- 
ter in Washington. 


EXPERIMENTAL STREPTOMYCIN THERAPY 

Streptomycin, an antibiotic obtained from Actinomj’^ces griseus, inhibits 
the growth or kills a variety of gram-negative bacilli, including cholera vibrios 
(4) . Some laboratoiy strains of V. comma tested elsewhere (5) showed no growth 
after 18 hours incubation in concentrations of 2.25 micrograms while others 
required 5.5 micrograms for bacteriostasis. F. comma, therefore, seemed to 
be more sensitive than E. typhosa which is inhibited b}’’ 6 to 18 micrograms per 
cc. of broth and less sensitive than’|Pas/. tularcnsis which requires 0.5 micrograms. 
Vibrios isolated during this studj'- and subsequently tested bj’’ Dr. W. F. Elias in 
Philadelphia varied greatlj’- in their sensitivity to streptomj^cin as discussed later. 

According to previous work (6), streptomj'^cin given orallj'- is nearlj'’ all excreted 
in the feces where it accumulates in amounts far greater than the theoretical 
level usually needed for bacteriostatic or bactericidal effects. Doses of 1 to 4 
grams (1,000,000 to 4,000,000 units) provide from 4000 to 19,000 micrograms per 
gram of feces. This amoimt is enough to eliminate most gram negative drug- 
sensitive bacilh from the stool as long as the level is maintained. Soon after 
therapy is stopped, streptomycin disappears and the usual flora returns. Only 
traces of streptomycin appear in the blood and urine after oral administration. 
When injected parenterally in 4 gram amounts a dajq only traces appear in the 
feces, 5 to 32 micrograms are attained per cc. of serum and from 40 to 70 per 
cent is excreted in the urine. In certain cholera patients treated parenterallj’’, 
the amount of streptomycin in the blood probably rose higher during urinary 
suppression. 

With these facts in mind, the effect of streptomj’^cin on cholera was studied. 
Since cholera seems primarily to be a local enteric disease rather than a S 3 ''stemic 
infection like typhoid or tularemia, it seemed important to attain a large amoimt 
of the drug as quickly as possible in the intestinal tract. Since V. comma seldom 
penetrates tissues or organs, its destruction in the lumen of the tract theoretical^ 
should cm’e the disease. Oral therap 3 ’- was therefore first tested, bearing in mind 
the possibility that vibrios may also live in the gall bladder and elsewhere, and 
require parenteral injection to bring them in contact with the drug. 

Unfortunately, the lack of facilities and equipment prevented measurement of 
the amounts of streptom 3 '^cin attained in the stools and serum. Since the op- 
timal dosage was unknown, various amounts of the drug and routes of therapy 
were tested as described in the case reports. Some of the drug was occasionally 
lost in vomitus but this was largety avoided by rehydrating the patient as needed. 
Administration by duodenal tube was not attempted. The cm-rent dosage could 
not be regulated by bacteriologic control because the time consuming cultural 
and serologic procedures dela 3 ^ed reports of the presence or absence of vibrios 
for five or six da 3 ’^s after the collection of cultures. 

Only severely sick patients with typical S3’mptoms of cholera and whose rectal 
smears contained likely cholera vibrios were selected for treatment. All were 
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( hinc'M' of tho poorc's} clnss. In almost all case's, strojilomycin iherapj’ began 
after reliydration on the tirst clay of disease. In one inslaneo treatment ivas 
begun in a jntient with elinieally typical cholera in spile of the absence of vibrios 
in the smear, which hajiiiens at times (7). 'rreatment of patients solely with 
streptomycin w.-k not riskc'd. 


CASK Itni’OHT.S 

('n‘i 1. A woman ap'd ■tl, was sinitlcnly .nitackcci witli cojnoiis watery diarrhea and 
vojuiiint: on .\in,'tist 0, Twelve stools were passed before she came to the hospital eight 
iiotirs lat(»r. 'I'iiete were repe.'ded, paijiftil nnis'enlar cramps in lier legs, snbsternal op- 
pn-sdon and anuria, .she was in a .'-late «>f rollapse, itehydrated and cyanotie. The specific 
gra.vity of the Itlood was HXiti. The .«tot)ls on the first day measured nearly 3000 ee.; thoj' 
were..dor}( --s, yellowish, watery, eontaimal white flakes and gushed out painies.sly, witiiout 
etlort. .Matiy vil)rios were present in a .stained smear (fig. ol’and 1’. comma was identified 
by riilture end specific ."guluf illation. 



Fin. 5. A. Cholera vilirios ns curved rods and other bacteria in the stool before treat- 
ment willi streptomycin. The bacilli as .shown arc at times arranged in one direction in the 
.so-called fish-in-stream pat tern, probabb'<lue to cnineshment in a drawn-out shred of mucus. 
B. The same slr.ain of T. comma in short rods and coccoid forms after onc^suboulture on 
agar medium. 


Two injections of 2000 cc. physiologic salt solution were given within 5 hours, with added 
solution of s’odium bicarbonate, and great improvement followed. The specific gravitj’ of 
the blood iiccame normal, l.OoG, but continual purging required repealed infusions. Vomit- 
ing occurred on the second and third daj’s. ‘With reliydration, urine was secreted in in- 

7 easing volume (chart 1). 

Streptomj'cin was first given orally 27 hours after the onset, dissolved in water, in doses 
of about 0.3 gm. every 3 hours, a total of about 2.5 gm. in 24 hours. Some was vomited. 
At the end of this time no vibrios were seen in a rectal smear and other bacteria were rare, 
yet on culture V. comma was still present. Streptomycin was continued in the same dosage 
for three days, making a total of about 7.5 gm. However, diarrhea persisted for three days 
more before recovery occurred. The fever shown in the chart, as in other cases, was partlj'" 
attriliuted to the injected pyrogenic salt solution. While vibrios were not seen in later 
rectal smears, V. comma was present culturally up to the tenth day. The course was 
unusually prolonged. Recovery was dated on the sixth day. 

Streptomycin obviouslj' had no clinical effect in. this patient, but the niunbers of vibrios 
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Temperature 38 

Dcqrees C. 


Number of stools 14 
Number of vomifus 


Urine 2 
in thousand c.c. 



Streptomycin 

in grams 


stool choroo+or 


Rectal smear Vibrios Vibrios 


Culture 


Stools B ^ 
Vomitus I 
Fluid intake D 

in thousand cc. ^ 


Chaht 1 (Case 1). Severe, prolonged cliolera. Large anioun.(.s of fluid lost in stools 
and vomitus. Recovery on the sixth day when the stools became fecal and the volume of 
urine increased to normal after vigorous intravenous and oral rehydration. Vibrios are 
present in rectal smears before but not after treatment with small amounts of streptomycin, 
but cultures remained positive until the tenth daj’. 




















ASIATIC CHOLERA 


639 


in the stool were greatly reduced, yet were present on culture as noted in all patients treated 
with the drug. F. comma isolated before treatment and again after 2 days of treatment 
grew in 1 microgram per cc. of broth but not with 5 micrograms of streptomycin. Since the 
dosage seemed insufficient, larger amounts were used in the following patients. 

Case S, A man aged 31 had a sudden onset of diarrhea and vomiting at 5 A.M. August 
10. In the following five hours before admission to the hospital there were ten copious 
watery stools, and he vomited five times. Severe cramps occurred in his calves. The 
patient was in a state of collapse, greatly dehydrated, aphonic and lethargic. The specific 
gra\*ity' of the blood was 1.070, the blood pressure SO systolic, 50 diastolic, the red cells 
numbered 5.5 million, and the leukocytes 22,000. The stools were like rice water and a 
rectal smear contained a few comma vibrios proved by culture. Immediate intravenous 
infusion of 1500 cc. caused prompt improvement, but had to be repeated for another col- 
lapse several hours later. 'Streptomycin was first given about six hours after the onset. 
To obtain a large amount in the intestine as quickly as possible, an initial dose of one gram 
was given orally. Thereafter about 0.57 gm. were given every three hours, a total of five 
grams in the first 24 hours. None was lost b 3 ’ vomiting. During the next 24 hours, five 
grams more were given in eight divided doses. He received 10 grams in all. 

After one day of treatment neither vibrios nor other bacteria were seen in a rectal smear. 
He appeared and felt nearlj' well, and the number of stools diminished as shown in chart 2. 
Recovery was dated on the second day. Cultures from the rectum were positive up to the 
fifth daj’, the last from a formed stool. Vibrios before treatment resisted 1 microgram of 
streptomj'cin but failed to grow in 5 micrograms. 


Case S. A man aged 24, had a sudden onset of voluminous watery stools and soon vom- 
ited. In the 15 hours before admission, five stools were passed. Repeated severe muscular 
cramps came and he was admitted profoundly sick, in a state of collapse with cold, clammy, 
shrunken skin, cyanosis and a barely perceptible pulse. The oral temperature was 35.8‘’C. 
The specific gravity of the blood was 1.070. A smear from the rectal fluid contained myriads 
of comma bacilli and a culture was positive for V. comma. During the first 24 hours, four 
infusions of physiologic salt solution totalling 7000 cc. had to be given because of repeated 
collapses and the passage of about 20 stools, measuring 3400 cc., and vomitus of 3900 cc., 
a total loss of over 7300 cc. of fluid (chart 3). 

J Streptomycin was given orally after the first infusion. One gram was given as a first 
dose to attain a large amount quickly in the intestine; thereafter, doses of 0.57 gm. were 
given at three hour intervals, a total of five grams in 24 hours. Profuse vomiting caused the 
loss of an vmdetermined amount of streptomycin. In the second 24 hours, five grams were 
given, and retained, every three hours in equally divided doses, and on the fourth and fifth 
days 2 gm. in an attempt to terminate the excretion of vibrios. No vibrios were detected 
in smears and other bacteria were rare. Cultures for V. comma were nevertheless positive 
until the fifth day. Vibrios isolated before therapy were highly resistant to streptomycin 
and failed to grow in concentrations of 500 micrograms per cc. of broth. 

The patient remained seriously sick during the second day', had 20 rice water stools, 
vomited ten times and was almost anuric. By the third day, clinical improvement was 
striking, although eight stools were passed and he vomited four times. The urine volume 
increased to 1400 cc. and the specific gravity of the blood was normal, 1.054. By the fifth 
day recovery was established. 


Case 4- A soldier aged 29, was suddenly seized with profuse purging and vomiting six 
hours before admission, August 20. The stools resembled rice water, there was no ab- 
dominal pain but the muscular spasms in his extremities were severe. He was in a state 
of collapse, dehydrated, the pulse was barely felt, fever of 39.6°C. developed, and the ‘ 
specific gravity of blood was 1.073. It diminished to 1.054 after the injection of 3000 cc. of 
fluid. The loss of fluid by stools and vomitus measured 6800 cc. which was balanced by the 
intravenous injection of over 12,000 cc. of salt solution (chart 4) . Smear of the stool before 




Cha^t 2 (Cas6 2) , Short attack of cholera. Copious diarrhea and vomiting on the first 

day ^ second day urine increased to normal, stools were formed on the fourth 

day. Fliud after the second day was taken orally. Vibrios disappeared from the stools 
after the ingestion of 4 gm. streptomycin daily for 2 days, but cultures were positive until 
the sixth day. The fever probably is caused by reaction to pyrogenic salt solution. 

therapy contained myriads of vibrios and a culture was positive. Similar attacks of cholera 
occurred in quick succession in four other members of his company, all of whom had received 
anticholera vaccine three months previously. 
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Chart 3 (Case 3). Loss of 4000 cc. of fluid in stools and vomitus the first day, and of 
7300 cc. during the second when SOOO cc. of salt solution were injected. Urine volume 1.50 cc . 
Vibrios absent in smears after 5 gm. streptomycin daily then 2 gm. daily, but present in 
stool cultures after therapy. 


Streptomycin therapy w.as started S hours after the onset in do'^cs of 3 gm. intravenously 
and 4 gm. orally for the first 24 hours. The intravenous route was used bec.ause of the 
possibility of the presence of vibrios in the tissues which c.an only I'C attacked by parenteral 
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Much streptomycin was undoubtedly lost in the vomited fluid and a few vibrios were still 
present in a smear from the stool after 24 hours of therapy. Recovery occurred on the 
fifth day. Cultures were negative after the third day. Vibrios isolated before treatment 
resisted 5 micrograms of streptomycin per cc. of broth but not 10 micrograms. 

Case reports of 6 other patients treated with streptomycin need not be given in 
detail. With a few unimportant exceptions, all were similar. Combined oral 
and intramuscular therapy was tested in three patients, but the latter in adequate 
dcsage was too painful. Combined oral and intravenous therapy was used in the 
others with no particular advantage. 

COMMENT 

It is a surprise no doubt to most readers that cholera, if properly treated, is not 
so fatal as it is said to be. It can be made much less serious than typhoid. In 
this series of 140 patients, the duration of the attack when vigorously treated was 
about 4 da5rs and the mortality rate only 5 per cent. In other hospitals at the 
same time, where treatment was less thorough, the mortality rate was about 16 
per cent. It is probable that the mortality rate even among patients not treated 
at all is less than 50 to 70 per cent as usually stated (8) if all mild, unrecognized cases 
could be included statistically. Old age, neglect, malnutrition, complications 
and the concurrence of other diseases reduce the chance of recovery. 

Despite the apparent simplicity of the pathogenesis of cholera, which strongly 
resembles the results of an overdose of a drastic purgative, or of severe food 
poisoning, its nature is poorly understood. The endotoxin liberated by the 
disintegration of vibrios in the intestine evidently greatly increases the perme- 
ability of the intestinal hning to fluids'(9) and serves as an intense hydrogogue to 
make cholera unique among the infectious diseases. IVliether the«.toxic action 
is in the central nervous system or, more likely, local in the intestine is unknown, 
but it is difficult to reconcile local intestinal effects alone with instances of 
cholera in which vibrios can not be isolated from the stool and in those in which 
enormous quantities of fluid are vomited, unless there is regurgitation into the 
stomach from the intestine or unless vibrios are present in the stomach and the 
toxin affects the mucosa of the stomach as well. It is also difficult to understand 
why recovery usually comes so promptly after the restoration of salt and water 
while vibrios persist in large numbers in the stool. Apart from the existence of 
endotoxin and the apparent toxemia at the onset of disease, the usual absence of 
fever, the clear mentality and rapid recovery suggest that dehydration, the loss 
of salts and the acidosis arising therefrom are far more important factors in 
causing the later signs, symptoms and fatalities. 

The average duration of the disease as arbitrarily set in 56 patients treated 
by rehydration and remineralization alone was 4.6 days. The duration in 30 
patients in the same hospital treated by others (10) mth sulfaguanidine was 3.8 
days, and of 31 treated with sulfadiazine, 3 days. In eight patients selected 
for the severity of their attack and treated on the first day of disease vith 
streptomycin, the average duration was also 3 days. 

It is doubtful if the apparent shortening of the attacks with sulfonamides or 
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■with streptomycin is of significance. In any disease -whose earliest stage is as 
severe as cholera one would expect a period of illness of several days to follow the 
initial shock, dehydration and demineralization alone even if infection did not 
persist. Furthermore, if the simple administration of salty water reduces the 
duration of the disease to a few days and the mortality rate to 5 per cent, there is 
hardly any need for specific therapy unless it can be sho-rni to abolish the carrier 
state sooner. Neither the sulfonamides nor streptomycin did. The duration of 
the presence of viable vibrios during convalescence in the stools of patients not 
treated with drugs, in patients treated -with sulfonamides, and in those treated 
with streptomycin was about the same. Vibrios could seldom be isolated after 



Fig. 6. Simple but Effective Poster Advising against Drinking Cold Water 
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Fig. 7. SEi,F-Expi.AKATORr Poster Illustrating Fohcefullt How Cholera Is Spread 
AND Contracted Posters were Prepared and distributed bt the National 
Health Administration of China and the Chungking Municipal Health 

Administration 


streptomycin per cc., but some not in 5 micrograms per cc. and others not at 10 
micrograms per cc. Vibrios isolated before treatment in patients in whom they 
persisted in smears afteni’ard, were highlj’- resistant and grew in concentration of 
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500 micrograms per cc. of broth. Evidently strains of V. comma of the Ogawa 
variety from different patients of the same epidemic vary greatly in their 
resistance to streptomycin. 

Prevenlion. It is generally believed that the contamination of the public 
water supply is the chief cause of epidemic cholera, but in the present epidemic, 
other factors seemed more important in its perpetuation. Water pumped 
from the local rivers was muddy but contained few bacteria. Contamination 
more likely took place after the collection of water from the pipe outlets in wooden 
buckets for distribution or from water dipped from the river’s edge. In outlying 
districts, far from the rivers, water came from wells and ponds, yet from a rapid 
succession of attacks among certain family groups or in companies of soldiers 
(case 4, for example) it appeared that infection arose in widely separated places 
presumably from a carrier or a patient, and was transmitted chiefly by personal 
contact, similar to the spread of bacillary dysentery (12). Contamination of 
food and of water by soiled fingers or utensils or by fl 3 dng or crawling insects 
carrying infected feces, seemed more likely. 

If this be the case, the local problem of prevention is not so much one of 
expensive, large scale sanitary engineering, though this is desirable, as a change 
of personal habits generally, to be brought about by education, propaganda and 
a rise in the standard of living. The present epidemic probably declined spon- 
taneously, but it may have been impeded by the widespread use of educative 
posters (figs. 6 and 7) throughout the city but especially in the poorer districts, 
by instruction in preventive measures given in the local newspapers and by radio, 
and the observance of the advice given. The multiple small procedures of the 
suitable disposal of excrement in covered privies, the protection of food from 
insects, the ingestion only of boiled water and of hot food, the washing of hands 
after defecation, the washing of vegetables and fruit in uncontaminated water, 
the isolation of patients in screened hospitals or rooms, and the sterilization of 
their dejecta and soiled linen are of greatest importance. Most of these habits 
could be achieved even without raising the present low standard of living in the 
orient. Quarantine of persons exposed to infection, the release of patients only 
after they no longer excrete V. comma, the exclusion of carriers as food handlers 
and the destruction of insects as outlined elsewhere (13) are also important needs. 
If these measures were adopted, cholera and other enteric diseases would be 
exterminated. Anticholera vaccine, though said to be of value, should not be 
relied upon, lest a false sense of security be aroused. 

Perhaps another factor plays a r61e in the susceptibility to cholera. Since the 
Chinese diet in general is 97 per cent vegetarian (14), the intestinal fluid tends to 
be alkaline, providing a medium favorable to F. comma. The addition of protein 
in the form of meat, milk, and eggs to the diet may lower the hydrogen ion 
concentration to a point at which the comma bacillus cannot live (15). 

CONCLUSION 

Cholera, when properly treated, is a disease of short duration and of low 
mortality. The restoration of salts and water by the intravenous or intraosseus 



STUDIES ON ATABRINE (QUINACRINE) SUPPRESSION 

OF IVIALARIA 

I. A CoNSIDBRATipN OP THE iNDlVIDUAIi FAILURES OP SUPPRESSION 

F. B. BANGS Major, M.C., N. G. HAIRSTON, 1st Lt., Sn.C., JOHN MAIERS Major, 
M.C., AND WILLIAM TRAGERS Captain, Sn.C. 

The intensity of epidemic malaria during the early campaigns in New Guinea 
and the Solomon Islands in 1942 and 1943 made it imperative that some adequate 
means of suppressing clinical malaria be found. Khowledge of the efficacy of the 
only drug available in quantities, atabrine, (quinacrine hydrochloride) was 
skimpy, inexact, and not directly applicable to the problem of suppression of 
malaria among nonimmunes. The clearest summary of existing knowledge had 
been presented by Field (1) but his experiments, which clearly demonstrated the 
ability of atabrine to suppress the great majority of attacks, dealt with native 
workers who had been infected over a period of years. Reports by medical 
officers in the U. S. Army as to the efficacy of atabrine in troops were conflicting 
and usually negative. 

It was at this time that fundamental knowledge concerning the pharmacology 
of atabrine first became available to the armed forces through a coordinated 
research program carried out under Shannon’s leadership (2). This in turn was 
based on newer methods of determining the concentration of atabrine in the 
plasma (3,4). The direct application of one of these methods (3) to the problems 
of the control of malaria in the field was the next logical step. 

Studies which were carried out along these lines in the Southwest Pacific 
theater from June 1943 to January 1945 are here reported. Much of the data 
has been made available to a limited number of individuals through the reports 
of -the Malaria Research Unit. At the start of this work two other programs 
aimed at obtaining exact data on suppression were under way in the Southwest 
Pacific. In June 1943 a small but carefully controlled experiment under Colonel 
M. C. Pincoffs had demonstrated the military effectiveness of 0.6 gram of ata- 
brine per week in suppressing malaria (6). Experiments on individual volunteers 
in the Australian army under the direction of Brigadier N. Hamilton Fairley (6) 
showed similar results. Exchange of information with these groups was frequent. 

The laboratoiy evaluation of a suppressive regime is based on the assumption 
that the antimalarial protection afforded an individual is related to the concen- 
tration of atabrine in the plasma. This assumption has been substantiated in 
general bj’’ laboratorj'^ studies on therapeutic levels and by field studies on break- 
through attacks occurring during suppression. These individual “failures of 
suppression,” when frequent, lead to the idea that suppression as a whole is not 
working, even though little ma}’- be known about the amount of malaria to be 
expected were suppression not in use. 

1 On leave from The Rockefeller Institute, Princeton, N. J. 

* On leave from the International Health Division of the Rockefeller Foundation. ' 
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In this first paper we attempt to answer the individual question posed by such 
failures of suppression and in the following paper to evaluate atabrine suppression 
in terms of rates and total amoimts of infection. Thus in the first we emphasize 
the clinician’s problems, in the second the division or base surgeon’s problem. 
We have concluded that the problem of individual “break-throughs” is one of 
inadequate dosage — ^most but not all of which is due to failure to take the required 
dose. As a backgroimd of normal behaviour we studied variations in individuals 
and in groups known to be taking a standard dose of 0.1 gram per day 6 days 
a week. 

To data of this nature presented bj’' others (2, 6, 7), we add these studies done 
on troops who had just finished a strenuous campaign and many of whom were 
heavily infected with malaria. Data on several other programs of therapy are 
also presented. 


METHOD 

All determinations of atabrine concentrations were done on plasma samples 
which had been centrifuged twice. The first centrifugation was carried out for 
15 minutes within half an hour of the drawing of the blood. Potassium oxalate 
or sodium citrate was used to prevent clotting. An hour or more sometimes 
elapsed between the first and second centrifugations, but comparative experi- 
ments showed that little increase in plasma atabrine occurred during such an 
interval. Twice centrifuged samples were kept in the icebox until tested, which 
in most cases was less than 48 hours. 

In the study on the epidemiological significance of atabrine suppression, 
samples had to be kept for days, often vdthout refrigeration. A few drops of 
chloroform added to the sample, which was kept in a glass ^^al vith a 
plastic screw top, prevented bacterial multiplication and did not affect the 
determination. 

All of our early studies (daily individual variation, plasma levels on officer 
candidates, effect of exercise) were done by the double extraction method. Later 
studies (break-throughs in New Guinea) had to be done by single extraction 
because of the lack of lactic acid. 

Since there is a wide variation in the concentration attained in different indi- 
viduals on the same dose, and since there is also variation in one individual 
between doses, any new regime of therapy must be followed from both these 
points of view. First we must know how much the concentration varies between 
doses, and secondly, how much variation there is in a large sample of men. 

Opportunity to study the variation in plasma atabrine concentration of soldiers 
going through a wide range of activity rmder different suppressive regimes was 
afforded at the 6th Arm}* Training Center through the courtesy of Lt. Colonel 
G. G. Duncan, INI. C. This camp was established for the purpose of rehabili- 
tating men who had had malaria a number of times. This comprised strictly 
supei^ised atabrine administration and an increasingly strenuous program of 
physical activity under generally ideal conditions. At the end of the program the 
majority of these men were able to march 25 miles without a break. The com- 
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bination of strict super\usion of drug administration by roster and increasing 
activity made this group of men ideal for study 13. 

RESULTS 

Interest has centered on three types of suppressive therapy carried out by Lt. 
Colonel E uncan. The first of these vas the then standard suppressive therapy 
for the Southwest Pacific area, namely. 0.1 gram of atabrine 6 times a week. 
Shannon, et al., (2) have shown that normal active young adults accumulate 
atabrine in their tissue reservoir very slowly on this regime so that it is a matter 
of weeks before a tissue plasma balance is reached. Figure 1 shows the gradual 
accumulation of atabrine in 100 men over the course of ten weeks. The first 



Number o£ m^n 

Fig. 1. Increase of Plasma Atabrine Concentration in 100 Men during Rigidlt 

Supervised Administration of 0.6 Gm. per Week 

group of men had been on supervised atabrine for about two weeks. Unfortu- 
nately, some of these men had stopped taking atabrine for variable periods of 
time, and some of them were still taking suppressive atabrine when admitted to 
camp. Thus manj'^ of the levels in this group hre much higher than they would 
have been had all of them been receiving atabrine for only two weeks. The 
second group is composed of many of the same men taken five weeks after they 
had started suppressive atabrine. The third group is composed of another hun- 
dred men who had been taking suppressive atabrine for ten weeks and who had 
just finished the third phase of their training. These levels were taken the day 
after their 25-mile march. We may conclude that the men accumulated atabrine 
in their tissues and plasma despite a simultaneous program of rigid training. 
Two of the men in the second group had a positive smear (1 parasite per 509 
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w.b.c.) and no symptoms. In tbe survey of the third group of men who had been 
on atabrine for ten weeks, one man (not included on the chart) was foimd who 
had a positive smear (850 rings per 500 w.b.c.) and an atabrine plasma level of 7 
gamma per liter. Upon questioning, he admitted that he had missed taking 
atabrine for five daj’-s, and that he did have symptoms of malaria. All of these 
results apparently indicate that there is some accumulation of atabrine in the 
body after five weeks. Experiments by others, however, indicate that this does 
not continue much beyond six weeks (2, 7). 

INDlVIDUAIi VARIATION 

In order to follow the daily variation in levels while taking one tablet per day, 
five men were bled every 4 hours between doses, one group after three weeks of 



Fig. 2. Variation in Atabrine Levels during the Day in Two Groups of Five AIen 

Taking 0.1 Gm. 6 Times per Week 

suppressive therapy, the other at the end of the program (10 weeks). It will be 
noted (see fig. 2) that in both groups the individuals attained a concentration of 
30 gamma at some time during the day. These studies would indicate that most 
of the men included in figure 1 who had inadequate levels at that time probably 
had adequate amounts of atabrine in their plasma at other times of the day. 
This in turn indicates that the results of an individual reading must be interpreted 
with considerable caution. 

Two other suppressive regimes were studied. When men were given 0.4 
gram or 0.5 gram every three days they had levels which were the same, or even 
greater, just before their next dose as men receiving the standard regime. Fig- 
ures 3 and 4 show that the levels were more than adequate most of the time 
/ between the doses. 

There was considerable daily variation in levels on all regimes, a variation not 
related to the time of the dose. This was at first attributed to daily activity. 
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Since men taking 0.1 gram of atabrine per day were found to have lower levels 
after short penods of activity. As atabrine accumulated in the tissues, this 
reduction in level became less apparent. 

Pfurrtk 




Fio. 3. Vaiuation in Atabrine Letols in Two Groups of Fiw: Men Taki.no 0.4 Gw. 

E\-eri' 3 Days 


In four separate experiments using 10 to 15 men in the experimental and con- 
trol groups, we twice found an appreciable dilTerence between the average (table 
1). The exercise group cither made short marches or spent the morning engaged 
in athletics. The controls were forced to remain near the tent, and mo.-t of tlie 
time they stayed on their bunks. Studies over a longer period of time (two 
weeks) with frequent atabrine determinations, showed that there w.as no differ- 
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ence between men who carried out the normal camp routine and those forced to 
remain at rest most of the day. Finally, the continued accumulation of atabrine 
in the plasma despite increasing activity indicated that activity had no great 
influence on the concentration of atabrine in the plasma. 


Crtmfrt* /•C90' 



P/siMIk 



Fig. 4. Vahiation in Atabeinb Levels in Two Gboufs of Five AIbn Taking 0.5 Gii; 

Evebt 3 Days 


A comparison of the variation in levels between doses for the different regimes 
at the beginning of the training period and at the end showed that with time 
there was less variation. The evidence at present is, however, too slight to relate 
it to the accumulation of atabrine in the tissues. 
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BREAK-THROUGHS 

"With this background of normal behaviour of atabrine plasma levels we may- 
take up the more crucial problem of failures of suppression or “break-through” 
attacks. We have arbitrarily divided them into three classes, relapses, primary 
attacks of ^dvax, and primarj’- attacks of falciparum malaria. It is -well to define 
the term “break-through.” It is a clinical attack of malaria (the diagnosis 
confirmed b}"^ a positive thick smear) developing in an individual presumably 
taking suppressive medication. Furthermore, the attack must respond to 
therapy. We thus by definition exclude transient slight parasitemia in the 

TABLE 1 


Effect of exercise on plasma atabrine concentration 



NO, KEN 

Experiment 

AVESACE PLASKA ATABRINE 
CONCENTRATION 


STUDIED 

Before 

1 

Immedi- 
ately after 

Several 
hours after 

Exercise 

15 

5-inile hike 

gamma per 
liter 

18.5 


gamma per 
titer 

13.3 

Control 

10 

rest 

21.5 


18.0 

Exercise 

15 

Athletics 

28.4 

29.6 

43.8 

Control 

15 

rest 

32.7 

24.6 

38.7 

Exercise 

10 

25-mile hike 

27.6 

34.7 

35.2 

Control 

10 

rest 

29.4 

44.3 

38.6 

Exercise 

15 

3-bour hike 

40.7 

33.3 

30.0 

Control 

14 

rest 

37.7 

30.1 

32.0 


absence of symptoms, and also exclude the not infrequent cases of dengue or 
scrub typhus which also occasionally showed a very few parasites when careful 
search was made. The intensity of parasitemia in these cases was not great 
enough to be picked up on routine hospital examinations and therefore such 
cases did not often cause confusion. 

RELAPSES 

Under this heading we vdll not include the problem of recrudescing fever during 
the course of treatment of an acute attack, but will deal solely with cases of recur- 
rent vivax attacks developing weeks after the original attack despite supposed 
continued suppressive therapy. Clinical malaria is rare in any large group of 
indi-viduals who are known to have received 0.6 gram of atabrine per week with 
regularity. The great majority of cases admit to irregular and inadequate 
regimes. 

The problem is well illustrated by a study of 75 officer candidates, all of whom 
had been exposed to malaria in New Guinea during the early campaigns and at 
the time of this study were training in a nonmalarious area of Australia. Many 












050 


r. B. BANG, N. O. BAIBSTON, 3. MAIEU, AND B'. TRAGBB 


had been taking alabrine for six months to a 3 '-cnr, despite B'hicli some had had 
as manj' ns six recent attacks of malaria. 'I’hc men in this group almost uni- 
formlj' stated that thej' were taking 0.1 gram of atabrine cveri' day. As the 
fn-st plasma levels were lower than expected, the men were cpicstioned more 
closely. With the demonstration to manj' individuals that inadequate dosage 
resulted in lower levels, more accurate histories were obtained. Finally, one-half 
(13 of 28) of a small group which was closelj' questioned, admitted that they had 
forgottent to take atabrine for several days to a week during the three weeks 



0 1 2 3 4 5 6 


Attacks 

Fig. 5. Plasma Atabrine Letols in a Grout of Officer Candidates Not on 

Supervised Atabrine 

-h represents men who had clinical malaria. © represents a man who had positive 
smear but no clinical attack. 

study. Figure 5 shows the average level for the different individuals and the 
relation of those with malaria to the rest of the group. 

In figure 6 we present comparisons between the levels of individuals known to 
be taldng 0.1 gram of atabrine 6 times per week under rigid super\nsion and those 
of individuals vath relapses who said that thej”- were taking that much or more. 
Interpretation of the data is undertaken in the next section. 

PRIMAKY VI VAX AND FALCIPARUM ATTACKS 

In this section we include a consideration of attacks of malaria developing in 
endemic areas, most of -which were the first attack for the individual. The 
plasma atabrine levels found in these break-throughs eliminate the possibility 



ATABIUNE (QTJINACBINE) SUPPRESSION OF MALARIA 


657 


that resistant strains account for any large proportion of cases (fig. 6). Secondly, 
they show that for those wlio have actuallj’^ been taking their atabrine the prob- 
lem is one of individual dosage. All of the men presented in these charts claimed 
under careful questioning that they had been taking their atabrine regularly. 



Fig. 6. Plasma Atabhine Levels in Break-Throughs Compared with Adequately 

Suppressed Men 

Many were eliminated from this series because of gaps in suppressive treatmten 
during wliich quinine was taken, or long furloughs during which atabrine was not 
taken and suppression had been resumed only a week or two preceding the cfimcal 
attack. Because of the slowness with which the atabrine level attains the maxi- 
mum on a constant dosage, the average man cannot be considered to be efifec- 
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tively protected until he has taken at least 0.6 gram per week for two to four 
weeks. Another large group was eliminated because of irregular use of atabrine 
or regular use of quinine. 

It took over five months to accumulate 152 vahd cases of falciparum and vivax 
malaria break-throughs in both Australian and American troops from different 
parts of New Guinea where transmission took place. The paucity of such cases 
illustrates the fact that in base areas suppression of malaria is an administrative 
problem. 

The concentration of atabrine in the plasma of these break-throughs when 
measured shortly after admission to a hospital varied from 0 to 30 gamma per 
liter. The figures have been grouped in 5-gamma classes because the error of 


20 



Atabrine - inicrotframs per liter. 


Fig. 7. A Compaeison of Atabrine LEt'ELs in Break-Throughs with Atabrine Letols 
OF Men in the Base Not Suffering from Malaria 

_ , Black Break-throughs of clinical malaria occurring during atabrine suppression. 
Mean level 11 7 / liter. 

Shaded A group of men on atabrine suppression and showing no signs of clinical mala- 
ria. Mean level 21 7 /liter. 

the method prevents us from attaching any significance to variations as much as 
5 gamma. At first glance it v ould appear that there was no significant difference 
between the falciparum and vivax cases. However, there is now increasing 
evidence from controlled labor atory studies (6, 8) that a larger dose of atabrine 
is necessaiy for successful treatment and suppression of falciparum malaria. 
This claim has also been made for field studies in the South Pacific theater by 
Baker (9). 

Examination of the distribution of our "break-throughs” shows that there are 
twice' as many cases of P. faldparum -with levels between 6 and 20 gamma as 
there are cases of P. vivax. These might veil be considered true failures of 
suppression. Our data m^ay then be considered to agree with the laboratory 
studies. However, variation in atabrine levels from time to time from individual 
to individual and the problems of drog administration are so great that any 
difference between strains is of no practical significance in the field. 
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One infection of 1^. malariac, wliich is not presented in the chart, had a level of 
0 gamma. The cases in vliich the species of malaria was not determined have 
been included under P.falcipanm infections but represent onl}-^ a few infections. 

In this chart are also included the levels obtained on 100 men who were effec- 
tively suppressed although heavily infected (SO per cent relapsed 6 to 8 weeks 
after suppression was stopped). None of these fell below the 10-gamma mark. 
Yet, tlie normal distribution curve of the suppressed individuals (fig. 6) clearly 
indicates that with a much larger series there would be a few individuals below 
ten. Thus the fact that a man has a low level cannot be taken as proof that he 
has not taken his atabrine regularl 3 L 

Two-thirds (96 of 152) of the “break-throughs” had concentrations of 10 
gamma or less; 23, or 15 per cent, had levels above 20 gamma. Despite the 
considerable overlap between the “break-throughs” and the protected individ- 
uals, we believe that the concentrations obtained in the latter group usually are 
protective. A number of clear-cut experiments by others as well as by ourselves 
have shown that 0.6 gram of atabrine per week protects the vast majority of 
individuals (5, 6, 10). 

An additional 44 authentic break-throughs were accumulated by one of us 
during three months at a si.agle base in New Guinea (Finschhafen). The data 
on the atabrine levels of these men is presented in figure 7, together with 
data on atabrine levels of an unselccted group of men at the same base who 
were also taking 0.6 gram or 0.7 gram of atabrine weekly under good supendsion. 

DISCUSSION 

In order to explain the apparent contradictions in these results, it is first 
neces.sary to consider some of the factors involved in the use of suppressive 
atabrine. The original investigations on plasma atabrine levels were founded on 
the supposition that it would be possible to determine accurately the suppressive 
level in a particular area. It was expected that the problem of suppression would 
resolve itself into one of keeping the level of atabrine above the point at which no 
break-throughs occurred, — 30 gamma per liter. The idea that an effective 
level could be determined bj' a study of the break-throughs alone ignored a 
number of complicating factors. 

Field, who was the first to demonstrate the value of suppressive atabrine, 
BSkjs’ “The effectiveness of drugs used in a malarious population for prophylaxis 
probablj' varies with the degree of existing immunity” (1). We have found in 
our work that the slight degree of immimity conferred by a series of previous 
attacks will, during suppression, prevent infected individuals from maintaining 
enough parasites in their blood to be picked up on thick smear examination. 

There is a graduated response to increasing concentrations of antimalarial 
drugs. This has been demonstrated fjr the effect of quinine on P. lophurae in 
ducks (11), and it applies as well to atabrine and its effect on human malaria (8). 

It is also worth considering the life cjule of the parasite itself in man. In periods 
between relapse there is apparently some stage of the parasite which is resistant 
to atabrine; 3 ut later on, when it has developed to the stage which multiplies in 
the peripheral blood, it is susceptible to atabrine and ma 3 ’- be most susceptible 
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during the dividing stage. Here the drug effect is graded witliin the host itself. 
We cannot with our present knowledge know how far back in the cycle it is 
desirable and possible to push the atabrine effect. Finally, with this drug, as 
with others, the level of effectiveness cannot be considered separately from the 
time of exposure (8) . A short exposure to high concentrations of atabrine has an 
almost immediate effect on the parasite, but the effect is partly reversible (12). 

Our measurements of atabrine concentrations in break-throughs are made 
after the subject has developed symptoms; in other words, after the incubation 
period during which the parasites multiplied at sub-clinical levels. We have no 
guarantee that the atabrine concentration observed in the plasma on admission 
to the hospital is the same as that during which the parasitemia developed. 
Indeed, it has been demonstrated that the atabrine level may suddenly change 
when there has been no change in dosage (fig. 2 and 4). 

An individual’s plasma atabrine level may vary during the day and thus a 
survey of a group of men at one time does not represent the total experience of 
that group of men for that day. Even when the data are over simplified by 
statistical considerations there is still a calculated average rise of 10 gamma per 
liter 8 hours after taking a dose of 0.1 gram (7). Since this rise is sustained for 
some time, it cannot be considered as without effect. 

To sunamarize: A careful consideration of the distribution of suppressive and 
break-through levels does not indicate the need for a dosage greater than 0.7 
gram per week. In making tliis statement, we have ignored those few* break- 
throughs which showed concentrations above 30 gamma because of the known 
tendency of some men to take a few extra tablets when they feel poorly. Omit- 
ting these cases, there is still an overlap of about 20 gamma per liter between the 
susceptible and protected groups. Five gamma of the overlap can be explained 
by error in the method of determining concentrations. At least 10 gamma is 
explained by the average daily variation, not to mention individual variation. 

SUMMARY 

Studies on the efficacy of atabrine suppression of malaria in American and 
Australian troops in New Guinea and Australia from Jime 1943 to January 1945 
are presented. The concentration of atabrine present in the plasma of those 
developing malaria despite supposed suppression is compared "with data from 
adequately suppressed troops. This comparison shows that clinical malaria 
develops in the presence of inadequate amounts of atabrine. The concentration 
of atabrine present in “break-throughs” is the same in chronic relapses and “pri- 
mary” attacks of malaria. It is possible that P. falciparum requires in the field 
a slightly greater amount of atabrine to be completely suppressed. Our data 
would support but not establish such a contention. The difference is no't great 
enough to be of practical importance. 

The difficulty of obtaining any large number of cases of malaria who consis- 
tently claim to have regularly taken 0.1 gram or more of atabrine every day and 
who have nevertheless developed clear-cut malaria emphasizes the fact- that 
atabrine suppression is mainly a problem of drug administration. However, 
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the development of malaria in an individual can not be taken as definite proof 
that that individual has failed to take atabrine regularly even if his drag level is 
low. Variation of drug level obtained with a standard dose is so great that, 
granting concentration is related to protection, a small percentage would be 
unprotected by the standard dosage of 0.7 gram of atabrine per week. 

TPhe evaluation of several different dosages of atabrine by studies of the 
concentration of atabrine in the plasma under different conditions and at different 
times fails to indicate any need for a dosage greater than 0.1 gram per day. Ata- 
brine levels are adequate between doses when 0.4 gram or 0.5 gram is given t-\vice 
a week. This dosage scheme must be judged on the relative value of giving the 
drug fewer times during the week, tJie increased nausea produced by larger 
doses, and the greater hazard of more serious reactions when such amounts of 
atabrine are ingested over a long period. 
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LONGEVITY OF KILLING EFFECT OF DDT FOE 
i^IOSQUITOES CONTACTING SCREEN "WIRE 
PAINTED ^YITH DDT SOLUTIONS* 

JOHN E. EIAIENDORF, Jn.,> PHILIP E. MARUCCI,* J. B. GRIFFIN,’ S. L. MEYERS 

AND G. S. RYAN* 

'^’arj'ing concentrations of DDT in solution in different solvents vere tested by 
painting copper screen wire of IS meshes per inch. Tests were made at varying 
time intervals after painting, the tested wire being kept under differing con- 
ditions of exposure. 

The aims of the experiments were to demonstrate the following points; 

1 . The length of contact with the painted wire required to kill within selected 
subsequent arbitrarj’' time period. 

2. The original lethal effect of the newl}’’ painted wire and the period over 
which subsequent lethal effect would persist. 

3. The effect of different DDT solvents on primary’' lethal effect, and the 
duration of lethal effect as modified b 3 ' different solvents. 

4. The effect of var 3 'ing concentrations of DDT in different solvents on the 
primarj’ lethal effect, and the duration of lethal action. 

5. The influence of different tjqies of “weathering” on the lethal effect of 
DDT in solution. 

The practical aim of the studj' was directed toward securing evidence regarding 
the best manner of treating screen wire with DDT for use on Army buildings to 
effect, b.y residual DDT action, killing of anopheline mosquitoes making contact 
\nth the painted wire, and to determine the solvent which produced the greatest 
longe^'it 3 ' of such action. 

From the experiences gained b 3 ’' previous workers, from a purely arbitrary 
basis, and governed b 3 ’’ supplies available, several possible solvents were chosen; 
nameb'-, acetone, kerosene, Diesel oil ^2, hea\^ American mineral oil and SAE 
oil j5s30 and ^'50. (For further information of solvents and materials see 
Appendix No. 1.) 

Solutions were made so that a given amount of the solution would represent 
various concentrations of DDT per square foot when painted on the wire. Paint- 
ing the wire was effected b 3 '’ daubing the measured quantities with cotton swab on 
the standard size piece of wire to be used in the test. All the solution containing 
the known amount of DDT was utilized and distributed on the vdre as evenly 
as possible. 

* Report of Experiments at the Army School of Malariology Designed to Demonstrate 
Effects on Mosquitoes hlaking Contact with Various Solutions of DDT on Screen Wire 
under Various Conditions. 

’ Col., Army School of Malariology. 

’ T/Sgt., Army School of Malariolog 3 \ ^ 

’ T/4, Army School of Malariology. 

< T/3, Army School of Malariology. 

’ T/5, Army School of Malariology. 
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PROCEDURE OF EXPERIMENT 

During the preliminary work it became obvious that long periods of contact 
vdth DDT did not appear alwa3’’S to be necessary to produce a killing effect on 
mosquitoes. Instantaneous contact seemed to suffice for this end. Accordingly, 
a “contact technique” was developed whereby mosquitoes could be exposed to 
the DDT painted wire for momentary contact. This light exposure to DDT has 
made it possible to evaluate the relationship of dosage and potency of DDT 

TABLE 1 

Summary of mortality rates produced by exposure of Anopheles albimanus adults to screens 
painted with varying strengths of DDT and weathered outside for varying periods of 
time, with ‘‘control" group, to which no DDT had been added to 
the solvent, recorded 
A Series — Solvent: Diesel Oil )?2 


DDT 

^SIDUE 


200 mg. 


\100 mg. 


60 mg. 


Control 


in its effect on mosquitoes under varying conditions. (For procedure of contact 
procedure see Appendix No. 2.) 

Early experience demonstrated that solutions of DDT in volatile solvents, 
which, on evaporation left DDT in a dry crystalline state, did not produce 
lethal effect on mosquitoes which had received only four instantaneous contacts 
with the painted surface. Accordingly, acetone and kerosene, which evaporated 
relatively quickly, were discarded as solvents in this study. 

Suitable time intervals (subsequent to exposure) had to be chosen over which 
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mortality Avoiild be recorded. Mortality among the mosquitoes was routinely 
recorded 2, 5, 24, and 48 hours after exposure. The findings of the 5 and 24 hour 
periods are presented here. Mortality within 5 hours represents a rigid test. 

Each test for each screen, painted with a particular solvent and a certain con- 
centration of DDT “weathered” over a definite interval, was tested with 20 
mosquitoes. For each test run with a particular solvent and DDT, a control 

TABLE 2 

Summary of mortality rates produced by exposure of Anopheles albimanus adults to sereens 
painted with varying strengths of DDT and weathered outside for varying periods of 
time, with "control” group, to which no DDT had been added to 
the solvent, recorded. 

B Series — Solvent: SAE ^30 
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alone, with no DDT added. From the two sets of screens, test and comparison, 
mortality at subsequent time intervals could be then compared, DDT being the 
only recognized variable 

series of 20 mosquitoes was tested, as comparison, with every point of the proced- 
ure identical with the test run except that the screen was painted Avith the solvent 

Note: It is unavoidable that some few tests present descrepancies— 

1. When the measuring rod is a living entity and mortality constitutes the 
final measure of results; 

2. When physical difficulties prevent the uniform application of the killing 
agent to all portions of the test surfaces; 

3. When meteorological conditions differ on different test days and over 
different test periods; 





































































TABLE 3 

Summary of mortality rates 'produced by exposure of Anopheles albimanus adults to screens 
painted with varying strengths of DDT and weathered outside for varying periods of 
time, with "control” group^ to which no DDT had been added to 

the solvent, recorded. ' 

C Series — Solvent; SAE 
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TABLE 4 

Summary of mortality rates produced by exposure of Anopheles albimanus adults to screens 
painted with varying strengths of DDT and weathered outside for varying periods of 
time, with "control” group, to which no DDT had been added to 
the solvent, recorded. 

D Series — Solvent: Mineral Oil 
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4. When “weathered” surfaces, though receiving the same general natural 
exposure, may be affected by indhddual factors causing loss of potency, such as a 
gust of wind, or rain, or a bloAv by an object blown by a wmd. 

However, such discrepancies in these experiments have been surprisingly few. 
The tabulated results of these experiments are recorded in the appended 

TABLE 5 


Morlality produced by DDT in diesel oil jUS applied to screen wire at rate of 100 mgs. per 
square foot ever successive periods of weathering inside and outside of buildinge 


SCREEN NO. 

ACE SCREEN 

SOLVENT 

DDT RESIDUE 
KGS. PER 
SQUARE 

PERIOD OF 
CONTACT 

% MORTAUTY AT VARYING PERIODS 
AFTER EXPOSURE 




rooT 


2 hns. 

5 brs. 

[ 24 hr?. 

48 hrs. 


Screens weathered outside 


A-11 

1 Day 

Diesel Oil 


4 Cont. 

55 

80 


95 

A-12 
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Diesel Oil 

100 

4 Cont. 

20 

30 


65 

A-13 

15 Days 
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It is obvious from the above presentation that DDT in Diesel oil # 2, applied at rate of 
100 mgs. per square foot, retains its killing capacity after 4 contacts for longer periods when 
weathered inside than when weathered outside. The retention of killing capacity after 
weathering 36 days inside is almost identical with that same capacity when weathered 
only 8 days outside. 

graphs and tables. (Graphs A and lA + B to 5A + B, inclusive, and tables 
1-5, inclusive.) They portray: 

1. Effects of various solvents employing a dosage of 200 mgs. DDT per 
square foot. 

2. Effects of each solvent with varying dosage; namel}’’, 200, 100, and 50 mgs. 
per square foot. 

■ 3. Comparison of “weathering” inside and outside of buildings. (During the 
period of “weathering,” screens already treated with DDT were kept both inside 
and outside of the building.) (See Appendix No. 2.) 
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[ GENERAL CONCLUSIONS 

{Note: It should be remembered that the mortality recorded, except as 
specifically noted, is after Four Inslantancoits Contacts with DDT in solution.) 

1. In preliminary e.xperiments, mosquitoes were e.vposed to contact with DDT 
painted screen wire for as long as 30 seconds, but this relatively long period of 



Graph A. CompariBon of mortality rates after exposure of A. albimanus adults to four - 
contacts with screens weathered for varying periods and previousb’’ painted with different 
solvents to which no DDT had been added. 

_ Note: No mortality 5 hours after exposure to Diesel oil , SAE i? 30 and § 50. Only mineral 
oil showed a 5% mortality at the 5 hour period, and onlj' on screens “weathered” one day. 

exposure was soon found generally to be unnecessary if DDT was in solution. 
Accordingly, the present “contact exposure,” much more severe than necessary 
for practical field comparison, was adopted. 

2. From the comparison Graph A and the “control” results recorded in the 
bottom line of tables 1-4, inclusive, (shovdng mortality of mosquitoes exposed to 
four contacts with various solvents and no DDT added, 5 and 24 hours after 
exposure), it is evident that there is a low mortality of mosquitoes in the compari- 
son group caused evidently be exposure to the solvent with no DDT. That this 
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mortaUly is not due to the process of handling the mosquitoes (see Appendix 
No. 2) is evident from the fact that the tendency to mortality in the control 
groui 5 of mosquitoes decreases greatly or entirely disappears as the screens arc 
''weathered'' and the solvent evaporates or is removed by natural physical causes. 

3, There is a wide disparity between the effect produced by Diesel oil and that 
produced by the other three solvents; namely, 30 50, and mineral 

oil. The lethal effect of DDT in Diesel oil is excellent one day after the wire is 

TABLE C 


Showing rapid dctcrioralion of lethal capacity of DDT in herosene for adult mosquitoes with 
DDT applied to scTCC7is at rate of 100 and SOO mgs. per square foot, with various 
periods of contact, and at various ages of screens 
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WAT1054 

ACE or 
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DOSAGE IN 
UCS. DDT 

SOtVTNT USED 

TEEIOD or CONTACT 
ON DDT 

% UOITALITY nvrx VABIOUS TEWODS 
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2 hr». 
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H hn. 

4S brs. 

Control* 
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24 
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1 
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0 

Control! 

24 

HjjH 

Kerosene 

30 seconds 

0 

0 

20 

30 

No. 134 

17 


Kerosene 

4 contacts 

100 

100 

100 

100 

No. 138 

19 

HI 

Kerosene 

4 contacts 

100 

100 

100 

100 

No. 53 

24 

200 

Kerosene 

30 seconds 

85 

100 

100 

100 

No. 54 

24 

200 

Kerosene 

20 seconds 

. 60 

75 

75 

80 

No. 55 

24 1 

200 

Kerosene 

10 seconds 

65 

90 

100 

100 

No. 117 

25 1 

200 

Kerosene 

4 contacts 

45 

50 

80 

85 

No. 113 

25 * 

100 

Kerosene 

4 contacts 

45 

55 

SO 

SO 

No. 118 

25 

200 

Kerosene 

10 seconds 

40 

55 

85 

90 

No. 115 

49 

100 

Kerosene 

4 contacts 

40 

45 

i 65 

70 

No. 119 

49 

200 

Kerosene 

4 contacts 

0 

0 

5 

5 

No. 120 

50 

200 

Kerosene 

10 seconds 

0 

5 

10 


No. 57 

71J 

200 

Kerosene 

30 seconds 

25 

30 

35 

50 

No. 58 

91 

200 

Kerosene 

30 seconds 

0 

5 

15 

20 

No. 60 

115 

200 

Kerosene 

30 seconds 

0 

0 

5 










— 


* Control for experiments Nos. 113, 116, 117, 118, 119, 120, 134, 138. 
t Control for experiments Nos. 53-55, 57-60. 


treated, but this effect disappears rapidly on “weathering” outside; whereas, 
that quality persists in an effective manner after 29 days’ “weathering” v.dth the 
other solvents tested. Greater persistence of lethal effect was found with SAE 
j^?50 than with SAE ;^30, or mineral oil. 

4. Diesel oil had the shortest persistence of action of all solvents here reported. 

5. In previous tests (data not here presented in full) kerosene and acetone, as 
solvents, had a duration of action less than that for Diesel oil. (See table 6 ; also, 
Reactivation, table 7, Screens 84-88, inclusive.) 

CONCLUSIONS — SPECIFIC 

From a study of the facts portrayed in the graphs, the following points are 
evident: 
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1. Mortality after exposure increases, in general, wilh the increase of the period 
over which observations arc made with the exception of Diesel oil. (See 
below.) 

2. “Weathering” over sufficient time is associated with an inactivation of lethal 
ctTect of DDT to four contacts on the wire. 

3. The lethal effect of DDT differs with different solvents, 

a. Graph lA and IB. (Comparison of solvents with 200 mgs, of DDT per 

square foot witli observations at the 5 and 24 liour periods.) 

(1) Diesel oil produces the highest mortality on the first day after the 
painting when observ'ations arc made over the 5 hour obscr\’’ation 
period. At this early stage of “weathering” it acts more quickly than 
the other solvents tested. 

(2) This 100% mortality is equalled by ^^30 when observations of 
mortality among mosquitoes are recorded for the 24 hour period. 

(3) The lethal quality of DDT, on four contacts only, rapidly disappears 
when in solution in Diesel oil, and remains effective over much longer 
periods with SAE ^30 and ^50 and mineral oil. S.fVE ^50 and 
mineral oil effect 05% mortalitj’’ during the 24 hour obscrv'ation period 
after “weathering” 29 days, whereas the mortality produced by 
Diesel oil ^2 drops from 100% at the 5 hour observation period after 
“weathering” 1 day, to 40% after “weathering” 8 days, and to 0% 
after “weathering” 22 days, wlien mortality again is observed over 
the 5 hour period. 

4. Dosages of 200, 100, and 50 mgs. per square foot demonstrated in practically 
every period of observation, and with all solvents, that the higher dosage 
exceeded the lower in killing effect, 
a. Exceptions 

(1) Graph SB. With Diesel oil and DDT, over the 24 hour observation 
period, mortality produced by the 200 mgs. screen fell below that of the 
100 mgs. screen after 22 days of “weathering,” and the 100 mgs, 
screen fell below the 50 mgs. screen on approximately the 10th day. 

(2) Graph SB. With SAE § 30 and DDT, over the 24 hour obsen’^ation 
period, the mortality produced by the 100 mgs. screen momentarily 
fell below that of the 50 mgs. screen after 29 days of “weathering,” 
and then again exceeded the 50 mgs. screen on the 36th and 43rd day 
of “weathering.” 

(3) Graph 4A . With SAE ^ 50 and DDT, over the 5 hour observation 
period, mortality produced by the 100 mgs. screen fell below that of the 
50 mgs. screen after “weathering” 8 days, and remained below or 
equal on the 15th, 22nd, 29th, and 36th day of observation. 

(4) Graph 4B. With SAE ^ 50 and DDT, in the 24 hour observation 
period, the mortality produced by the 100 mgs. screen fell below that 
of the 50 mgs. screen on the observation made on the 22nd day of 
“weathering,” but on the 29th day, the killing effect was again above 
that of the 50 mgs. screen. 
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(5) Graph J-4. With mineral oil and DDT, at the 5 hour observation 
period, mortality produced by the 100 rags, screen fell slightly below, 
or only equals, that of the 50 mgs. screen for the first 29 days of 
“weathering,” and slightly exceeded the 50 mgs. screen after "weather- 
ing” 36 days. 

(6) Graph oB. With mineral oil and DDT, 24 hours after exposure, 
mortality produced by the 50 mgs. screen exceeded that of the 100 mgs. 
sercen, and equalled that of the 200 mgs. screen, on the observation 
made 15 days after “weathering.” It fell below that of the 100 mgs. 
screen after 36 days of “wcatheiing.” 

(7) Graph SB. In onh' one instance of 64 observations with the 200 mgs. 
dosage on screens oi-cr I’arious periods of “weathering” did the lethal 
effect , as measured by mosquito mortality, fall below that of the 100 
mgs. or 50 mgs. dosage. This one exception is shown in the Graph 
2B, in which on the 22nd and 29th days of “weathering,” the effect 
produced bj' the 200 mgs. screen fell slightly below that of the 100 mgs. 
screen. 

At the time of painting the screens with DDT solution one set was prepared 
with Diesel oil No. 2 at the dosage of 100 mgs. of DDT per square foot. This set 
of screens, painted with one solvent only, and DDT, resting horizontally on rack 
inside the buildings, was tested against screens painted with the same dosage, and 
same solvent, and “weathered” on frames hung vertically outside windows of the 
building. The set was prepared to compare the effects of inside and outside 
“weathering.” 

Table 5 records the results of the studies. It is obvious from this study that 
DDT in Diesel oil No. 2, applied at the rate of 100 mgs. per square foot, retained 
its lulling capacity after four contacts for longer periods when “weathered” 
inside of buildings than Avhen “weathered” outside. The retention of killing 
capacity after “weathering” thirty-six days inside is almost identical with that 
of the screen “weathered” onl}’' eight days outside of the building. 

{Note: In Test E-8, table 5, when the contact time on a screen “weathered” 
fifty da 3 ’’s inside is increased from four contacts only to sixty seconds, the killing 
effect is greatly increased.) 

ALLIED INVESTIGATIONS 

Several allied investigations bear a relationship to the present set of experi- 
ments. This set of experiments, now to be reported, was accessory, and not 
planned to answer all related questions. They are here reported in a prelim- 
inar}’’ manner because of their relationship to the present subject. 

These studies covered the following phases of investigation : 

1. Exposure time necessary to produce mortality with Aedes aegypti resting on 
DDT in dr 3 ’- condition. 

2. Reactivation of screen by reapplication of solvent after screen originally 
treated with DDT had lost its power to kill after only four contact exposures. 

3. Inhibition of biting in mosquitoes that received four contact exposures to 
DDT. 
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EXPOSURE TIME NECESSARY TO PRODUCE MORTALITY WITH AEDES AEGYPTI 
RESTING ON DDT IN DRY CONDITION 

From the work performed, results of Avhich are presented in the Graphs, it 
early became apparent that with dry DDT, after crystallization, mortality was 
not produced by an exposure as small as that of four contacts on screen wire. 
The painted screens gradually lost, over a period of time, their power to kill 
after this short contact period. Accordingl}’-, experiments were perfonned to 
test killing capacity of DDT in dry cr.vstalline form. Test-tubes were prepared 
with DDT crystals uniformly distributed over the inner surfaces at the dosage of 
approximately 200 mgs. per square foot. Groups of 20 A. aegypli were placed 
in the DDT-treated test-tubes, and allowed to rest on the inner surfaces for 
intervals of 2, 5, and 10 minutes, after which they were transferred from the 
tubes to a clean wire cage. 

Twenty Aedes aegypii were placed in a similar wire cage, as a comparison group. 
Table 9 records the results of this experiment. 

A second comparable experiment was performed utilizing A. alhimanns, placed 
inside a copper wire screen cage 6" x 6" x 6", which had been previousl}'' treated 
with DDT solution. 

The wire sides of the cage were treated with a 5% DDT solution, to leave a 
residue of approximately 200 mgs. of DDT per square foot. Two days after 
painting, the DDT had crystallized out of solution. 

Twenty-five A. albiinamts were then introduced into the treated cage. 

17 minutes after exposure "knockdomi” began. 

22 minutes after exposure 70% were down. 

27 minutes after exposure 100% were dovm. 

From the first experiments here reported with A. aegypti, it is evident that 
DDT in its dry crystalline form killed 65% of A. aegypti making contact ■with it 
for two minutes, within the 16 hour observation period following contact. 
This mortality did not increase when mosquitoes were obsen>-ed for 3 daj’s after 
contact; whereas, after 5 minutes’ exposure to the crystallized DDT, 100% of 
A. aegypii were dead inside of 2 hours. The lull on 5 minutes’ exposure to dry 
DDT in above table is equalled by Screen No. 84, table 7, Section 11, where 
100% mortality is recorded 2 hours after the mosquitoes had been exposed to 4 
contacts of DDT in kerosene on a 24. hour old screen. 

When in solution with various solvents (see Graph lA) the following results 
were obtained after four instantaneous contacts : 


Solvents 


Diesel oil . , 
SAE S30.. 
Mineral oil 
SAE *^50.. 


iforlaltly during 
5 hour period 
after exposure 
(Jour eontacU) 

. . 100 % 

. . 90% 

. . S5% 

.. 55 % 
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To produce results with exposure to the dry crystalline form of DDT, com- 
parable to the four instantaneous contacts while in solution in var 3 dng solvents, 
a period of constant contact somewhere between two and five minutes was neces- 
sary. (/I. alhwiarivs used with DDT in solution, A. aegypti with dry DDT.) 

REACTIVATION OF SCREEN BY REAPPLICATION OP SOLVENT AFTER 
SCREEN ORIGINALLY TREATED IVITH DDT HAD LOST ITS POWER 
TO KILL AFTER ONLY FOUR CONTACT EXPOSURES 

Soon after these investigations were begun, it became evident through the 
practice of minimal exposure to DDT, as made possible by the “four contact” 
technique, that the effect of DDT as a hilling agent differed with different 
solvents. {A. aegypti and A. albmayms used as test mosquitoes.) 

The screens treated with DDT in acetone (data not presented here in full) 
quickly lost their hilling capacit 3 ’', using four instantaneous contacts as a dosage. 
Kerosene retained this lethal capacit}'^ for a slightly longer period. This differ- 
ence, however, amounted to a matter of hours only. With less volatile solvents 
the initial hilling power was retained for much longer periods. It was, according- 
Ij’’, of interest to ascertain from the academic, as well as the practical standpoint, 
whether the hilling effect could be reactivated by re-dissolving in a solvent the 
DDT crjEtals which had crj'stallized because of the evaporation of the solvent. 

As manj' pieces of screen wire had been painted with DDT in solvents on the 
same daj’-, to be held for future testing of duration of action, material was at 
hand for testing reactivation of crystals of DDT on the screen wire, the solvent 
ha^’ing evaporated. Reactivation tests were performed on samples of screen 
wire which had been preserved inside the building, as well as on those "weath- 
ered” outside. 

Table 7 records the results of these tests. 

Screens Nos. 57-61 and 63-68 in Section II of table 7 were all originally painted 
at the same time with 5% DDT in herosene at rate of 200 mgs. per square foot, 
and were “weathered” inside the building. The first four tests recorded, 57, 58, 
60, and 61, indicate the loss of lulling power on four contacts, 71J hours to 138f 
hours after original painting. 

Screens were revitalized by spraying some with kerosene, and some with 
kerosene and Diesel oil mixture, utilizing a quantity of solvent sufficient to cover 
the screen, but not to cause dropping of the solvent. A De Vilbiss nasal atomizer 
was used for the spra 3 ring, and each screen received a total of approximately 
4.0 cc. of solvent, or of the mixture of the two solvents. Screens Nos. 59 and 
63-68, inclusive, received such treatment with the solvent, as noted in the next 
to the last column of table 7. A second series of tests was performed with screens 
originally 'treated on the same day with 5% DDT in kerosene at rate of 200 mgs. 
per square foot (Screen Nos. 94 and 84—88) and all revitalized by spraying with 
kerosene. 

Screen No. 94, table 7, shows the killing effect of the originally painted screens 
8 days after they were painted. All killing power had disappeared for four 
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contact exposures, over an observation period of 48 hours. Screens Nos. 84-88, 
inclusive, show the same series of screens originally painted on the same day, 
then revitalized with kerosene, and their killing power recorded over the suc- 
cessive five days. 

In these two series of experiments. Screen Nos. 63-68 and 84-88, it would 
appear that screens revitalized by application of the mixture of kerosene and 
Diesel oU produced longer duration of killing power than did kerosene when 
used alone. 

The results recorded in table 7 demonstrate that screens can be revitalized 
so as to again possess killing power on short contact periods by treating with a 
solvent only, and accordingly, indicate that DDT in solution has a quicker 
killing effect on brief exposure, as found by using the “four contact” technique, 
than does DDT in crystallized form. 

Screens 84-88, inclusive, also demonstrate the quick loss of killing power when 
kerosene is used alone as the solvent. From 100% Idll in the 2 hour obseiwation 
period the first day after revitalization, the capacity decreased to practically zero 
on the 5th day. This quick loss of potency corresponds to our experiments 
performed with kerosene as solvent, and not fully recorded here, except in tabe 6 
and above in Screens 94 and 84-88, table 7. 

Section I, table 7, shows the results of revitalization, when practiced on 
screens which have been “weathered” outside of the building as described in 
Appendix No. 2. 

Screens Nos. A5 and A15 demonstrated the loss of killing power after 29 days’ 
“weathering,” with sixty seconds’ exposure of the mosquitoes to screens originally 
treated with 200 mgs. per square foot of 5% DDT in Diesel oil No. 2. 

Screens Nos. A6, A7, A16, and A17 show the results of reidtalization on the 
“weathered” screens recorded on the day of revitalization, and seven days 
thereafter, using the “four contact” technique. 

It is unfortunate that the reactivated screens outside had “weathered” for a 
longer period than those reactivated screens which had “weathered” inside, so 
rendering impossible exact comparison of reactivation after outside and inside 
influences. 

In view of the rapid deterioration of killing power of the screens “weathered” 
outside, as compared to those “weathered” inside (see Table 5), it would appear 
that certain intrinsic factors, such as rain, wind, sunshine, and interaction of 
copper wire with DDT might be responsible. In view of the general experience 
with DDT, sunshine would appear to be the most probable deteriorating factor, 
and such possible deteriorating effect should be investigated in more detail. 

INHIBITION OF BITING IN MOSQUITOES THAT HAVE RECEIVED FOUR 
CONTACT EXPOSURES TO DDT 

Twenty-six separate tests were performed, each test using 20 A. aegypti 
mosquitoes. In addition to these 26 tests, 9 controls of 20 mosquitoes each 
were employed to correspond to each series of tests which were made on different 
days. Due to a plentiful supply, A. aegypti mosquitoes were used throughout in 
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test and control. These mosquitoes varied in age from 4 to 13 daj^s. The DDT 
in Diesel oil was applied to the screens at the rate of 200 mgs. per square foot. 

After being exposed to four contacts on the DDT in Diesel oil, painted on the 
screen we 17^23 hours preidously, the mosquitoes were subsequently tested 
for biting, as compared to mosquitoes of the control group, which were handled 


TABLE 8 


Summarizing inhibition of biting of A. aegypti by time intervals after exposure to four 
instantaneous contacts on screen wire painted 17^SS hours before testing and 
treated with DDT in Diesel oil at rate of 200 mgs. per square foot 


NO. OF 
lE.'iTS PER- 
FOEilED 

NO. OF 
MOSQUI- 
TOES 
USED IN 
TEST 

NO. OF 
MOSQUI- 
TOES 
BITING 

% MOS- 
QUITOES 
BITING 

NO. OP 
ENGORGE- 
MENTS 

AVEEAGE 

TIME 

(seconds) 
USED IN 
BITING 

SUBSEQUENT PER CENT OP MORTAL- 
ITY IN EACH GROUP OVER DIFFERENT 
TIME INTERVALS OF OBSERVATION 

INHIBI- 
TION OP 
BITING 
RATE 

2 hrs. 

5 hrs. 

24 hrs. 

Control series 

9 

ISO 

I 176 

97.7 

176 

12.9 

0.55 

0.55 

1.6 

2.2 

Ten minutes after exposure 

6 

120 

S5 

I 70. S 

85 

1 17.4 

I 58.3 j 

70.0 

1 

80.8 

29.2 

Twenty minutes after exposure 

11 

220 

111 

50.4 

106 

24.4 

65.4 j 

76.3 

88.6 

49.5 

Thirty minutes after exposure 

9 

ISO 

70 

38.8 

68 

25.1 

58.8 

73.3 

89.4 

61.1 


TABLE 9 


TIME 

EXPOSED TO 
DRY DDT 

NO. DEAD 
AFTER 1 
HOUR 

NO. DEAD 
AFTER 2 
HOURS 

NO. DEAD 
AFTER 3 
HOURS 

NO. DEAD 
AFTER 4 
hours 

NO. DEAD 
AFTER 16 
HOURS 

NO. DEAD 
AFTER 24 
HOURS 

NO DEAD 
AFTER 48 
HOURS 

NO. DEAD 
AFTER 72 
HOURS 

2 Min. 

2 (10%( 

7 (35%) 

s (40%) 


13 (65%) 

13 (65%) 

13 (65%) 

13 (65%) 

5 Min. 

10 Min. 
Control 

14 (70%) 
14 (70%) 

0 

m 

0 

0 

0 

0 

0 

0 


in an identical manner but were exposed to four contacts on "ndre painted vdth 
Diesel oil alone. 

Mosquitoes not biting within a two-minute interval, after being offered the 
forearm to bite, were considered to be inhibited to biting. These tests for biting 
ability were made on three groups of mosquitoes, after the lapse of 10, 20, and 
30 minute intervals subsequent to exposure to DDT, one group for each time 
interval. Each mosquito in its original test-tube was offered the untreated and 
uncovered under surface of the forearm to bite. The results of these tests are 
summarized in accordance Avith each time intei'val in Table 8. 
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CONCLUSIONS OP INHIBITION TEST 

1. In the control series of 9 tests, 180 mosquitoes used, it is clear that the aver- 
age of biting and resulting engorgements was almost perfect. 

2. In the mosquitoes tested 10, 20, and 30 minutes after exposure to four 
contacts with DDT, there is a progressive decrease in the percent of those at- 

' tempting to bite. In the group attempting biting, those becoming engorged 
practically equalled the number biting. 

3. There is a corresponding increase in the percentage refusing to bite. Thirty 
minutes after exposure to four contacts Avith DDT, 61.1% did not bite. 

4. Actual difficulty in biting, in those attempting to do so, rather than termina- 
tion of desire alone, is apparent in the increasing time required to become en- 
gorged. As the time after exposure to DDT in solution increased, the time 
employed to accomplish engorgement increased from an average of 12.9 in the 
control group to 25.1 seconds in those tested 30 minutes after exposure. 

5. The percentage of mosquitoes dead 2, 5, and 24 hours after exposure to 
DDT in Diesel oil is naturally comparable in all groups tested, as they were aU 
originally exposed to DDT in solution for comparable periods. The mortality 
of 89.4%, 30 minutes after exposure, compares favorably with the 100% mor- 
tality after 5 hours recorded in Graph No. lA. 

6. Though the test insect used here AA’^as A, aegypti, it is reasonable to assume 
that anopheline mosquitoes infected with malaria parasites could bite and trans- 
mit malaria for a short time after exposure to four instantaneous contacts with 
DDT in Diesel oil at dosage of 200 mgs. per square foot. This ability to bite 
rapidly decreased over the 30 minute period after exposure to DDT in Diesel oil. 

practical application of EXPERIMENTAL DATA TO FIELD 
APPLICATION OP DDT FOR RESIDUAL KILL 

1. DDT in solution proved more potent in its killing effect as measured by 
short contact periods, than DDT in dry crystalline form. 

2. Differing solvents differed in their capacity to retain killing effect of DDT 
on short contact. 

3. Two hundred milligrams of DDT per square foot in solution on screen 
wire proved to be more effective for kill on short contact than 100 or 50 mgs. 
per square foot. 

4. Screen wire treated with DDT was revitalized by application of a solvent. 
This revitalization was more pronounced with screens “weathered” inside than 
those “weathered” outside. {Note: It may prove possible to revitalize inside 
walls, previously treated Avith DDT, simply by reapplication of a solvent Avith 
no DDT added.) 

5. A percentage of mosquitoes, A. aegypti, exposed to four contact exposures 
of DDT in certain solvents was capable of biting man for a certain time after 
such exposure. Thirty minutes after such exposure, the percentage of mos- 
quitoes unable to bite Avas large, reaching 61.1%. Accordingly, it is reasonable 
to assume that aerosol sprays, containing DDT alone, should not be relied upon 
to kill infected anophelines, if the building is to be entered immediately after such 
spraying. 
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6. These experiments showed an increase of mortalit}’’ rates of mosquitoes 
exposed to diy ciystallized DDT, increasing with time of exposure until the 
minimal lethal exposure time for 100% kill was reached. When in solution, with 
the solvents tested, and when the interval of time since the original application 
of DDT to the screen was not too long, four contacts® were usuallj'- sufficient 
to produce practicallj^ 100% mortalitj'- twenty-four hours after such contact. 
Such contact constituted a minimal lethal exposure. In the diy ciystallized 
form this minimal period fell between 2 and 5 minutes of e.xposure. 

7. The “four contact” exposure is a much more severe criterion of killing 
capacit}’- than would normallj^ exist under field conditions with residual DDT. 
Domestic species of anophelines in search of a human blood meal would pre- 
suniablj’- rest a considerable time on surfaces painted with DDT. 

S. Kerosene and also Diesel oil 2 Avould appear to be less effective as prac- 
tical solvents of DDT under most field conditions, than the other solvents tested, 
because of the relatively short duration of time over which DDT was held in 
solution with these solvents. 

9. DDT in solvents, protected from the elements inside of buildings, retained 
its killing power agamst mosquitoes longer than when e.xposed outside of build- 
ings. 

APPENDIX NO. 1 

F.'VCTORS .A.SSOCI.A.TED WITH TESTS 


1 Insects 

Practically all tests were performed with .4. aegypti and A. alhwianits reared 
in the insectaiy of the Armj'' School of hlalarioJogj^. 

2. Materials 

Copper wire (Arm}'- Issue) was used in all instances; all procured from one 
large piece reserved for the purpose. 

DDT was commercial brand Arm}’- Issue. 

Kerosene, Diesel oil «2, SAE oil and ^50 were all Array Issue. 
lieaAy American Mineral oil was the product of Louphil Laboi-atory, Inc., 
New York. 


APPENDIX NO. 2 

DET.\IL OF PROCEDURE OF TEST 

A central rectangular space 3" x 4" of pieces of copper wire IS" mesh, measur- 
ing overall 6" x 4|", was painted with solution of DDT in the following solvents; 

1. Diesel oil ^2. 

2. Lubricating oil SAE j^'30. 

3. Lubiicating oil SAE ^'50. 

4. Mineral oil. 

Quantities of the DDT in varying solvents were painted on the wire to rejne- 

s Unpublished findings indicnfe that 1, 2. and 3 contacts is not sufficient expoMire to 
produce comparable results. 
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scnt aijpi-oxiniatoly 200 m^s., ]00 nips., and nO mgs. jxa- sfiuaro fool. 'J'liis 
dosage was deteiniincd by making solutions in the following manne-r: 

5% solution in all solvents were used for the 200 mgs. series and 0.35 cc. of 
each solution wasdaulied on the screen by cotton on applicator sticks. ((Jot- 
ton on aiiplicator sticks was .saturated with the solution Iiefore the process of 
application and left saturated on termination of the process.) 

The solutions were jircpared by dissolving 5t)0 mgs. of IDD'f in 10 cc. of 
solvent. 

200 mgs. of this solution would be contained in -10% (-1 cc.) of the total 
amount, representing the quantity necessary for 1 square foot of surface. 



Fig. 1. Showing procedure of application of mosquitoes to arm, making contact with 
screen wire painted witli DDT solution. 


As the surface of the wire actually painted, measured 3" x 4" or 12 square 
inches, one-twelfth of a square foot, 0.33 cc. would be indicated for such a sur- 
face. The amount actually used was 0.35 cc. as measurement of this amount 
proved to be easier in practice. To obtain the correct amount of DDT to 
represent 100 mgs. per square foot, 0.35 cc. of a 2.5% solution was used and to 
obtain an amount equivalent to 50 mgs. per square foot, 0.35 cc. of a 1.25% 
solution was used. 

The number of screens (6" x 4|") necessary for original and successive weeklj-- 
testing was calculated for all dilutions of each solvent, and for all accessory 
tests. All dilutions of two solvents were painted on the respective screens on the 
same day, and all dilutions of the remaining two solvents on the following day. 
All screens were numbered for identification relative to solvent employed and 
dilutions; namely, at rate of 200, 100, and 50 mgs. per square foot. 
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At the same lime of the painting of the screens with DDT solution, one set of 
screens to correspond to each Aveekl.y test was painted with the corresponding 
solvents along with no DDT added. Also, one set of screens with 100 mgs. of 
DD J per square foot in Diesel oil was painted in order to compare “weathering” 
effects on DDT solution inside of a building with “weathering” outside of the 
building. The individual pieces of processed wire were attached to wooden 
screen frame.';. These frames were placed on the outside of the laboratory build- 
ing where they were exposed to the meteorological influences common to Panama 
during the period of April 2Gth to INIay 31st (Namely, the end of the dry season, 
and the beginning of the wet season). Twenty-four hours after painting the 
original screens, tests Avere made before the screens had been exposed to the 
weather, in order to determine original killing effect. 

Tests on all soh’ents with DDT in solution at rate of 200, 100, and 50 mgs. 
were made at Aveekly intcrA-als after- “weatber-ing;” namely, on the 1st, 8th, 
15th, 22nd, etc. day intervals. At the running of each AveekN test, a test with 
solvent used on the screen with no DDT added was performed as well. 

For the procedure of the test the appropriate “weathered” wire Avas adapted 
to the curve of the forearm Avith surface originally painted toAvard the outside. 
Oa'ci- this Avas adapted a cai'dboard guard Avith 20 perforated holes of a diameter 
slightly less than the diameter of test-tubes used in test (see fig. 1). 

The mosquitoes used in the tests A\-ere laboratory reared A. aJbimanus, all 
4-7 days of age, and all of Avhich had fed only on syrup and Avater. 

Forty mosquitoes Avere introduced into test-tubes at the same time, 20 of 
those to be used in testing AA-itli the DDT solutions and 20 to be exposed to the 
action of soh-ent onh'. 

The test-tube, Avith the oi-iginal plug of dampened cotton removed, Avas then 
iiiA'erted oA'er the cardboard at a point corresponding to hole No. 1. As soon 
as the mosquito had landed on the AAire to bite, a piece of cardoard, comparable 
to a calling card, Avas inserted under the mouth of the test-tube betAA-een the 
cardboard coA-er and the test-tube AA-itli the result the mosquito AA’as forced to 
break contact AA'ith the painted AA'ire and flj’- upAA'ard in the inA'-erted test-tube. 
This instantaneous exposure to the DDT painted AA’ire constituted “one contact.” 
Four such contacts, in attempt to secure a blood meal from the arm, Avere exacted 
of each mosquito. The time of each “contact” AA-as recorded. For the second 
test the test-tube Avith mosquito inside AA'as inAmrted oA’-er hole No. 2 of the card- 
board guard and so on up to 20. The control group of mosquitoes Avere com- 
parably exposed to contact AA'ith the Avire painted AA’ith soh-ent, but no DDT. 
Observations on the mortality of the mosquitoes inside of the test-tubes Avere 
then made and recorded at 2, 5, 24, and 48 hour interA'als. 

(jVote:The function of the cardboard guard placed on top of the painted Avire 
Avas to preA’ent an.A- DDT or soh-ent from sticking to the mouth of the iuA-erted 
test-tube, and, by its possible later introduction into the tubes AA-ith the insertion 
of the moistened cotton stopper, causing exposure to DDT in excess of the “four 
contacts”.) 
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though surveys depending on the submission of fecal samples require taking into 
account the possibility of substitution of samples by reluctant donors, we could 
detect, by repeat specimens and egg count data, only one instance in our scries 
in which this occurred. 

Fecal examinations . — In examining for helminthic ova our routine was as 
follows: Specimens were first displaced in dilution flasks, 4 ml. feces to 56 ml. 
water. (One ml. of feces was regarded as the equivalent of one gram. Stoll 
and Hausheer, 1926.) After the contents were shaken with glass beads, the 
flasks were refrigerated overnight and comminution completed the following 
morning. Ten ml. of fecal suspension, representing ^ gm. of the original feces, 
were put through the regular Lane floatation technic, using a four -bucket Lane 
(Turner) centrifuge. If the D.C.F. cover preparation was positi-r^c, the contents 
of the flask were made into decinormal sodium hj'-droxidc suspension b3’^ the addi- 
tion of one-hundredth the volume of 40 per cent NaOII (approximately 10/N 
NaOH). This addition of a minute amount of strong sodium hj’-droxide did not 
disturb the volumetric relationships signihcantly, and had the advantage of 
permitting dilution counts on the same fecal suspension originally samjjlcd by 
floatation. The small drop (0.075 ml.) was used. 

Tf^or??i counts . — ^IVhen worm counts were desired, the men were admitted as 
patients to the Wards of Research Unit No. 2. Tetrachlorethjdene was the drug 
of choice, and 4 ml. was the preferred dose. On the evening before treatment, 
supper was withheld and a preliminary purge of magnesium sulphate or sodium 
sulphate was given. A similar purge followed an hour after the anthelminthic 
in the morning. All stools passed for 24 hours were transported in bedpans to 
the laboratory. Worms were recovered by the gentle washing of the specimen 
under a simple shower spray through nested screens of 10, 20 and 40 meshes to 
the inch. The cleaned screenings were rinsed into large culture dishes for 
examination. 

It is recognized that after treatment some Avorms continue to be expelled for 2, 
3 or more days. The adoption of a 24-hour collection period gave, however, 
a serviceable comparative series, and probably accounted for over 90 per cent of 
the Avorms discharged after treatment. 

Units examined . — Group I comprised five garrison-force organizations totaling 
3270 men of AA'hom 1241 or 38 percent AA^ere examined. They Avere: 

A. 56th NaAml Construction Battalion. This unit had been on Guam since 
August 1944, its only other Pacific duty haAung been 15 months on Oahu. 

B. Naval Air Base. Duty on Guam Avas preceded by 3 to 4 months at Pearl 
Harbor. These men had been on Guam since August, 1944. 

C. 9th Antiaircraft Artillery Battalion (Marine). Previous duty had been on 
Cuba, Guadalcanal, Rendova, Ncaa" Georgia and Russell Islands before reacliing 
Guam Julj^-August, 1944. 

D. Medical Research Unit No. 2. This unit arrived on Guam January 1945. 

E. Naval Military Government Hospital No. 203 (Agana). Three-fourths of 
the staff personnel examined had arrived on Guam in September-NoA'-ember, 
1944; the remainder arrived the succeeding three months. 
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Group II comprised three battalions of the 5th Amphibious Corps (Marine). 
Following a half-year in Hawaii, Group 11 participated in the Leyte campaign 
(artillery) and came to Guam in late December, 1944. 

kesults 

Floatation, especially by the Lane teclmic, is held to be the most 
accurate method of demonstrating the presence or absence of hookworm eggs in 
feces. The incidence of hookworm found in the five garrison organizations of 
Group I and of the three battalions of Lejde-returned marines of Group II, is 
shou-n in table 1. It is apparent that as bet^veen each Other, the suborganiza- 
tions show no clear distinctions within the two groups. Altogether there were 
/ 1 positives in Group I, an incidence of 5.7 per cent, and 253 positives in Group 
II, or 34.1 per cent. 


TABLE 1 


Hookworm incidence in relation to organizations examined 



CROUP I 

(garrison PORCES, GUAM) 

GROUP II 

(leyte-returned marines) 

Per cent 
of roster 
examined 

Number 

eicamincd 

Percent 

positive 

Per cent 
of roster 
examined 

Number 

examined 

Per cent 
positive 

5G N.C.B 

' Z1 

326 

4.9 




N.A.B 

25 

184 

6.5 




9th A.A.A 

35 

449 

6.2 




NAiAfRU No. 2 

51 

142 

3.5 




NMGH No. 203 

87 

140 

7.1 j 

j 



Hdq. Btry 




37 

' 99 

20.0 

5th G.B 




39 

251 

43.0 

nth G.B 




57 

392 

31.9 

Totals 

38 

1241 

5-7 

47 

742 

34.1 

Officers only 


43 

0 


41 

34.1 


I^Tien the data on the officers were examined separately, in Group I no positives 
were found among them ; in Group II their rate was identical with that of the 
enlisted men. 

The incidence data, examined in relation to age, period of enlistment and home 
States of the men, are shovm in tables 2, 3 and 4. There is a slight but irregular 
trend toward a lower incidence with increased age (table 2) and with increased 
period in service (table 3) in both groups, but it is not marked. When home 
States are considered (table 4), there is clearly a loading in respect to men from 
the southern States, particularly those from the southern coastal States. 

On the basis of these data concerning incidence alone, it is possible to conclude 
that in Group I we were dealing primarily with residual hookworm infections 
contracted at home, in Group II primarily with new infections acquired through 
exposure under combat conditions in the Philippines. The data may also indi- 
cate that hookworm-contracting habits (f.e., soil pollution and walking barefoot). 
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TAnLT:2 

IFookxrortu {ncitlrnce in rrlntion In (\i)t 


Acrs 

1 

1 c»nr? t j 

! i-o»rr«, cvam) 

' . i 

CIOLT U 

(Li:rTJ:*irTU#vtr) u.Ktxjn:*) 

Number rxsmined 

I’cr cent {'Oiltivc 

f xjtrr.ir.f'l 

her cent pe>i!livt 

18-20 

■IQIHI 

S.l 

j 30S 

31.7 

21-25 


•L7 

i 200 

30.0 

20-30 

1P9 

0.0 

80 

30.2 

31 and over 

275 

•1.0 

•11 

20. S 

Unknown 

•15 

0.7 

17 

1 

17.7 

Totals ■ 

1211 


712 

3M 

Average age 

Group I: : 

25.7 years 

Group II: 

22.0 ye.ars 


TABLE 3 

Iloohirorm incidence in rclnlinn to period in service 


PERIOD IM EERnCE 

CROtT* 1 

(GARRISON rOtetS, CC.IM) 

1 

CtOtT It 

(iT.rrr rrtvtitto UARi>fr5) 

Number ctam* 
Ined 

Vet cent pciU 
live 

Nunly:? etim* 
ined 

Per cent poil- 
tWe 

let year 

47 ' 

13.0 

2 

0 

2nd j’car 

409 

5.1 

391 

37.1 

3rd year 

507 

5.5 

212 

31.4 

4th year 

98 

S.2 

51 

35.3 

More than 4 years 

42 

4.8 

42 

28.0 

Unlaionm 

IS 

0 

11 

9.1 

Totals 

1241 

5.7 

742 

3.1 

Average period in service 

Group I: 20.9 months 

Group II: 

27.0 months 


TABLE 4 

Hooktuorm incidence in relation io home Slates 


nous STATES 

cRour i 

1 (garrison rORCES» CUAU) 

CROUP 11 

(ixyte-returneo marines) 

Number exam- 
ined 

Per cent posi- 
tive 

Number exam- 
ined 

Per cent posi- 
tive 

‘Southern coastal 

178 

20.8 

85 

48. 2 

•fOtlier southern 

321 

4.7 

127 

37.0 

Northern and western 

714 

2.7 

523 

31.0 

Foreign and unknown 

28 

0 

7 

0 

Totals 

1241 

5.7 

742 

34.1 


* Virginia, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi and 
Louisiana. 


t Texas, Oldahoma, Arkansas, Missouri, Tennessee, Kentucky, West Virginia and 
Maryland. 
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TABLE 5 


Hookworm egg counts and SJt-hour -posl-trcatmcni worm counts; Group I, Garrison forces, 
Guam; Group II, Leyte-returned Marines 


CROUP 

CASE, KEYED 

TO 

nOUE STATE 

HOOK- 

WORM 

ETC 

24-nQnR post-R* woru counts 

avtragk 

WORM 
COUNT TOR 
EPO CLASS 

ETC CLASS 



Total 

II 

S-Penn 


7 

0 

7 



I 

LH-Ala 


7 

0 

7 



I 

G-Ark 


6 

0 

G 



I 

L-Tex 

B^ 

0 

2 




I 

P-Nebr 

BR 

3 

0 


4 

Less than 1000 

I 

E-Tex 


0 

3 




I 

F-Calif 

BR 

0 

0 

0 



II 

L-Okla 

Bg 


4 

7 



1 

Iv-La 

mm 


0 

1 



I 

L-N. Mex 

1 B 

0 

0 




I 

JM-Ark 


0 

1 

1 



I 

T-La 

B 

29 

0 

29 



II 

E-N. J 

B ^ 

17 

0 

17 



I 

CH-Ala 


21 

0 

21 



II 

B-ni 

1800 

0 

4 

4 

32 

1100-5000 

I 

F-Tex 


71 

0 

71 



I 

T-Miss 


0 

5 

5t 



I 

B-La 

BiRS 

70 

0 




I 

B-Ala 

gl 

108 

0 

mm 



II 

B-N Car 


135 

2 

137 



II 

V-Ohio 


2 

24 

27 



II 

A-Tex 


39 

2 

41 



II 

B-Wis* 


(7)8 

(11) 13 

(18) 21 



II 

T-Tex 


167 

2 

169 

57 

5100-10,000 

II 

S-Mo 


1 

11 

12 



II 

S-Oreg* 


(2)2 

(11) 15 

(13) 17 



II 

LM-Ark* 


(5)9 

(17) 37 

(22) 46 



I 

P-Mich* 


0 

(23)47 

(23)47 



II 

F-Nebr 


358 

13 

371 



II 

R-Mo* 

1 BR 

(9)9 

(19) 22 

(28)31 



II 

B-Mich 


64 

14 

78 

211 

Over 10,009 

II 

E-Mich* 

' 

(77) S3 

(69) 107 

(146) 190 


(13,000) 

II 

J-Mass 


373 

15 

388 



Total 

33 


1594 

343 

1937 



Per cent.. 



82.3 

17.7 

100.0 




* The number of worms in these cases is from 2 treatments, with 24-hour collections after 
each; the results of the first treatment are given in parentheses. 

t Known to have received treatment with chenopodium 6 weeks and 3 weeks previously. 
In addition to the cases listed, there were 6 instances of men from whom one hookworm 
each (in 2 instances Necator, in 4 Ancylostoma) was recovered, although fecal examination 
by salt floatation had been negative. 
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Egg counts and hemoglohin. — Hookworm disease is related primarily to the 
anemia which results from the blood feeding of the adult worms in the intestine. 
Hemoglobin readings give, therefore, an objective measure of the essential dam- 
age due to the adult parasites. A comparison is thus possible between the worm 
burdens as measured by egg counts, and the anemia if present. Table 7 exhibits 
this relationship as determined on the 33 persons whose egg counts are shoum in 
table 6, together with 176 members of the 5th G.B. (Group II) chosen at random 
for blood tests and egg counts. It is obvious immediately that this group of 
young adult Americans shows practically no indication of lowered hemoglobins 
despite increasing size of egg counts. The hemoglobin values in minimal posi- 
tives are, if anything, higher than the negatives, while the hemoglobin average of 

TABLE 6 


Severity of hookworm infection based on egg count classes {I84I men examined in Group I, 

74^ in Group II) 


Hi 

GROUP 1 

(garrison rORCES» GUAM) 

GROUP U 

(levte-returned marines) 

Number 

positive 

Per cent 
positive 

Per cent of 
Group I 

Number 

positive 



Mnimal 

44 

62.0 

3.5 

B 

71.5 

24.4 

Light 

22 

31.0 

1.8 


22.1 

7.5 

Moderate 

4 

5.6 

0.3 

10 

4.0 

1.4 

Heavy 

1 

1.4 

0.1 

6 

2.4 

0.8 

Totals 

71 

100.0 

5.7 

253 

100.0 

34.1 

Average EPG 

Group I: 1580 

Group II; 1400 


* Minimal, less than 1000 EPG (eggs per gram); light, 1100-5000 EPG; moderate, 5100- 
10,000 EPG; heavy, over 10,000 EPG. 


light, moderate and heavy positives is 98 per cent of negatives. These deter- 
minations were made approximately 6 months after the return of Group II to 
Guam, using the copper sulfate method of Phillips et al. (1943). It should be 
kept in mind that continued blood losses in persons with the heavier infections 
in another 6 months might register more specihe damage. 

Egg counts and eosinophilia. — Differential blood counts to determine the 
relationship of eosinophilia and hookworm egg counts in these men are presented 
in table 8 on 100 unselected individuals from Group II. While the two highest 
egg count cases show hyiiereosinophilia the correlation in the entire group is 
suggestive but not demonstrable. Special attention was paid to whether or not 
men with high eosinophilia who were hookworm negative showed evidence of 
schistosomiasis. Ho positive Schistosoma japonicum cases could be demon- 
strated, by fecal examination or symiptoms. Nor was there any correlation 
between the eosinophilias and presence of Ascaris and Tnchuns. In one 
instance, a man showing 35 per cent eosinophilia but negative for hookn orm o\ a 
on stool examination was treated with anthelminthic and from him one male 
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Ancylosioma duodenale adult was secured. Non-egg-producing light infections 
with a few hookworms might thus have been responsible for an occasional 
eosinophilic leucocytosis. 

Necator americanus and Ancylostoma duodenale . — ^The 33 cases listed in table 5 
constitute our entire series from Groups I and II of worm counts on persons 

TABLE 7 

Correlation of hookworm egg counts and hemoglobin values 


CELAUS EEMOCLOBIN FES 100 UL. WHOLE BLOOD 


£PO CLASSES 

12.6 to 
13.0 

13.1 to 
13.5 

13.6 to 
14.0 

14.1 to 
14.5 

; 14.6 to 
15.0 

15.1 to 
15.5 

1S.6 to 
16.0 

16.1 to 
16.5 

16.6 to 
17.0 

Total 

cases 

Av. 

Hb. 

Negative 

1 

2 

8 

15 

26 

39 

13 

8 

1 

113 

15.0 

Less than 1000. . 



5 

5 

14 

12 

15 

5 


56 

15.2 

1100-5000 

2 

0 

4 

2 

6 

6 

5 

1 


26 

14.8 

6100-10,000 


1 

1 

3 

0 

1 

1 

1 


8 

14.7 

Over 10,000 




2 

3 

1 




6 

14.8 

Totals 

3 

3 

18 

27 

49 

59 

34 

15 

1 

209 



TABLE 8 

Eosinophilia in Marines 6 months after return from Leyte campaign, in relation to hookworm 

egg counts 


BEK CEKT EOSINOPHELIA 



Ncg. 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

Total 

Neg. 

2 

21 

11 

7 

1 

3 


1 


1 


47 

1-1000 

1 

7 

16 

5 

4 

3 


1 




37 

1001-2000 



1 

2 

2 

2 

1 

1 




9 

2001-3000 



1 



2 




1 


4 

3001-4000 













4001-5000 













5001-6000 




1 








1 

6001-7000 













7001-8000 













8001-9000 













9001-10,000 













10,001-11,000 







1 




1 

2 

Total 

3 

28 

29 

15 

7 

10 

2 

3 

0 

2 

1 

100 


diagnosed as hookworm positives. Of these, 16 are from Group I (12 from 56 
N.C.B., 1 from NAMRU No. 2, 3 from NMGH No. 203), and 17 are from Group 
II (12 from 5th G.B., 5 from 11th G.B.). 

It is of profit to examine these worm counts in more detail. In Group I, no 
worms were recovered from 2 low egg count cases (F-Calif and L-N. Mex) in the 
first 24 hours after treatment. Five yielded only Ancylostoma (respectively 2, 
3, 1, 5 and 47 from L-Tex, E-Tex, JM-Ark, T-Miss and P-Mich). These 5 are 
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ooiisidciX'd ovidonoc of infection on Guam, ivhere 76 per cent of the hookworms 
recovered from natives after treatment or at autopsy have been A. dnodenale, 
and 62 per cent of cases liad only this worm (Stoll, 1946). The case of P-Mich is 
illuminating. In the service since March, 1944, on Guam since November, 1944, 
and 33 years of age, this man had duty in the hospital laundry. Due to condi- 
tions beyond control duj-ing rebuilding of the liospital, some soiled clothing and 
bed linen occasionally Kay 7 to 10 da 3 's before being washed, and wet weather kept 
them damp. Thus, the appropriate moisture and temperature obtained which 
would allow dcvelojimcnt of infective larvae. In sorting the laundry later, this 
laundry-man frequently noted itching in the skin of his hands, followed by epi- 
sodes of marked throat irritation with unproductive cough, as well as gastro- 
intestinal upsets. c arc led to conclude that a special set of conditions here 
produced an occupational hookworm hazard, and, as the hospital patients were 
all Guamanians, it was predictable that his worms would be A. duodenale. This 
was the ease as proved by- a post-treatment worm count in August. Of 3 men 
assigned to this early laundry- duty- whose feces we examined, all 3 were positive 
for Anci/lostoma. 

The other 9 cases from Group I in table 5 showed pure Necaior americanm, 
from 1 to lOS (average 35) per man. Eight of these men came from the southern 
States, and one (P-Nebr who had 3 Nccator) had been in a camp in Texas. It is 
likely that these 9 men were carrying worm burdens contracted in the United 
States, as illustrated by- the case of B-Ala. He had been nowhere in the Pacific 
except, in camij at. Pearl Harbor for 18 days while en route to Guam where he 
arrived in January, 1945. When treated in July, he had been in the NAMRU 
No. 2 unit 9 months and in the sen-ice 11. Nineteen y'-ears of age, his rural home 
was near IMobile, Alabama. He reported haAong had occasional treatments for 
“worms” in his boy-hood. The 108 N. americanm found in his stools after treat- 
ment are thus ascribed to infection in Alabama. 

The 17 Group II cases present a different picture. Omitting the instances in 
which only- one hookworm was secured from each of 6 individuals who had been 
negative on fecal examination, there were only- 2 (S-Penn and E-N. J) who had 
pure Necaior infections of 7 and 17 worms, respectively, one (B-Ill) who had pure 
Ancylodoma (4 worms), but 14 who had both species. Eight of the 15 cases with 
A . dvodcnclc were from northern States; the two largest worm counts (of 371 and 
3S8 hookworms) were from men whose homes were Nebraska and Massachusetts. 
Ercm the 17 Group II cases selected for worm count after treatment, with data 
in tabic 5, the average burden demonstrated was 92 hookworms, of which 17 or 
approximately a fifth, were Ancylostoma. The highest individual Ancylostoma 
count was 107 worms (E-Mich). This man was treated twice, in view of a large 
residual egg count after the first treatment. 

It is worth emphasizing that 15 of 17, or 88 per cent, of the Group II cases 
which we studied by worm count harbored Ancylostoma. If this percentage is 
appUed generally to the Leyte-returned marines who were hookworm positive, 
•then 3 in every 10 marines (88 per cent of 34.1) had become mfected with A. 

duodenale. 
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Rcwfcction.—li it could be shown that hookwonn exposure occurred only 
during combat operations, as in the Pliilippincs, the event would have less 
significance than if reinfection occurred under garrison conditions, as on Guam. 
Three instances of men from northern States who had not been west of Guam 
(Group I) and showing counts in the 5100-10,000 eggs per gram class, were con- 
sidered probable Ancylostoma cases from their history. Unfortunately none of 
these three could be worm counted. 

Besides the P-Mich case with 47 worms, already discussed, four other Group I 
cases listed in table 5 with Ancylostoma showed rc.spectively 2, 3, 1 and 5 worms. 
These are small worm burdens unless life under garrison conditions permits rein- 
fection. This we consider to be true, as judged by both indirect and direct 
evidence. On the indirect side, close questioning revealed that service men have 
little compunction against soil pollution when toilet facilities are not available. 
Also walking barefoot occurs out of bathing suits as well as in. During training 
progi’ams, etc., auto mechanics working on muddy tires, signalmen and engineer- 
ing squads worldng through muddy fields, obviously get effective contact with 
wet Guam soil. These factors can combine to result in reinfection, when con- 
sidered in relation to the added hazard of soil pollution by natives. 

Recently Loughlin and Stoll (1946) demonstrated an additional method by 
which service personnel could become infected with hookworm, namely by 
fomite-bome ancylostomiasis. It was shown that clothing and cotton blankets 
soiled with feces even lightly, and then kept moist for 5 days on Guam, allowed 
the development of infective larvae. These conditions could obtain under 
service conditions either by not changing clothing for a week, as under combat 
conditions, or by wearing clothing earlier soiled, which had been in a damp heap 
for a period of days. 

During the course of our post-treatment worm counts, at least 3 marine cases 
furnished direct evidence that reinfection was occurring. This evidence was in 
the form of immature adult hookworms recovered after treatment. In each of 2 
cases, about 1 per cent of the worms were young; in a third case, more than 10 
per cent were young. These men Avere being treated more than 5 months after 
their return to Guam folloAving about 2 months in the Philippines. These young 
adult hookworms were of a size indicating that the patients probably became 
infected about one month prcAdously. HookA\mrm larvae acquired in Lej’te 
would not account for these young Avorms, which instead are ascribed to infection 
on Guam in the interval after the marines returned to the Island. Both hook- 
worms species were involved. 

DISCUSSION 

Group I . — The striking fact brought out in our study of shore-based Naval 
personnel Avho arrived on Guam after its American re-occupation in July-August 
1944, and thus constituted a garrison rather than a combat force, is the small 
amount of hookworm demonstrated, approximately 1 man infected of 20. The 
preponderance of positive findings in men from the southern States, and the 
recovery of pure Necator americanus from many of them after treatment, indi- 
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Avomi incidence of 34.1 per cent. Again, many of the infections n'ere light, but 
the percentage showing more than 5,000 eggs per gram of feces was 5 times more 
than that of Group I. From worm count data, it is estimated that 3 in 10 of 
the marines examined had Ancylosloma. 
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E XPERIMENTS TO DETERMINE POTENTIAL MOSQUITO VECTORS 
OF WUCHERERIA BANCROFTI IN THE CONTINENTAL UNITED 

STATES 

Part 2 

WALTER L. NEWTON and IVAN PRATT 
Zoology Laboratory, National Institute of Health, XJ. S. Public Health Service 

The study of the potential mosquito hosts of the periodic strain of Wuchereria 
iancrofti in the United States previously reported by Newton, Wright, and 
Pratt (1945)^ has been continued. This report indicates the results obtained 
since the writing of the last paper. 

A comprehensive survey of the literature on potential mosquito hosts occur- 
ring in the continental United States was made in the previous paper and need 
not be repeated. However, the work of Scott, Richards, and Seaman (1945) 
has been published since the previous report. These investigators, working in 
California, obtained infective larvae of Wuchereria hancrofii in Culex erythro- 
ihorax, C. quinquejasciatus and C. tarsalis which had fed upon a volunteer 
infected with the periodic strain of the filariid. Developmental stages of the 
lan'ae were found in 10 of 38 specimens of Aedes taeniorhynchus prior to 17 
days, although the authors did not describe how far the development had pro- 
gressed. Dissections of Anopheles maculipennis and A. pseudopunciipennis 
were negative. However, the number of dissections of these two species was 
inadequate. 

The experimental methods employed in the work reported herein were identi- 
cal with those described in the earlier report. 

EXPERIMENTAL FEEDING HABITS AND DISTRIBUTION OF SPECIES TESTED 

The discussion of the feeding habits and distribution of species in this report 
has been limited to those species not included in the previous report. Dis- 
tribution records have been taken for the most part from King, Bradley, and 
McNeel (1944) but have been supplemented from Matheson (1944) and from 
data compiled in this laboratory. 

A total of 225 feedings was made between October 1944 and October 1945. 

In all, 9122 mosquitoes were used, of which 2087 partook of a blood meal 
(table 1). 

Anopheles crucians fed fairly well in the lantern globes. This species is 
rather common along the coastal plains of the Southern United States and the 

1 The present studies are a continuation of those inaugurated at the School of Tropical 
Medicine, San Juan, Puerto Rico, and carried out through the generous cooperation of 
Dr. P. Morales Otero, Director, and Dr. J. Oliver-Gonzdlcs, Head, Department of Medical 
Zoology. The authors are greatly indebted to these individuals for the facilities furnished 
and the active encouragement which they lent to the ork. Thanks are due also to Dr. 

E. L. Bishop, Director of Health, Tennessee Valley Authority, for his kindness in providing 
laboratory space for further studies and for his interest in the project. 
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Gulf of Mexico. Its distribution, though spotty, extends along the Atlantic 
Coast to Massachusetts and westward into Southern Illinois, It was the pre- 
dominating anophcline about Hattiesburg, Mississippi, during the winter months 
of 1914-1945. 

Anopheles macul'ipenn'is frcchorni fed exceedingly well under laboratorj' con- 
ditions. This species is common on the Pacific Slope. The material used in 
tests was obtained from a colony maintained at Columbia, South Carolina, by 
the Malaria Hesearch Laboratory of the U. S, Public Health Service. 

Acdcs canadensis was an extremclj' poor feeder under the conditions employed 
during tests with this species in spite of its reputation for being very troublesome 

TABLE 1 


Feeding data on mosnuiloes exposed to blood meals from infected volunteers 


SPECIES 

KUUOEfi OP 
PEEDISQ 
ATTEUPTS 

TOTAL Kmx- 

EER or 
MOSQUITOES 
EXPOSED 

TO ilEAt 

j 

TOTAL NUy- 
EER OP 
MOSQUITOES 
PED 

approxi- 

mate 

PER CEKT 
PED 

Anopheles crucians 

IG 

85-1 

171 

20 

A. maculipcnnis frcchorni 

IG 

422 

223 

53 

A. quadrimalulatus 

13 

37G 

199 

53 

Aedes canadensis 

25 

2,287 

89 

4 

A, ihibaulli 

13 

i,ni 

IGG 

15 

Culcx crraticus 

30 

GIS 

CO 

11 

C. pipiens 

15 

3S9 

117 

30 

C. restuans 

10 

471 

0 

0 

C. salinarius 1 

34 

769 

IGG 

22 

Mansonia periurhans 

12 

407 

13-1 

33 

Orlhopodomyia sp 

2 

19 

0 

0 

Psorophora ciliala .' 

13 

578 

290 

50 

P. cyanesesns 

9 

372 j 

231 

G2 

P. discolor 

13 ' 

399 ' 

285 

71 

P. ferox 

2 

21 

4 

19 

P. howardii 

2 

29 

6 

21 

Total 

i^i 

9,122 

2,087 



in the forests. This species is widely distributed throughout the United States, 
particularly in the northern half. 

Aedes thibauUi fed fairly well. This species is distributed rather sparingly 
throughout the Southern States, breeding in stmnp holes. However, it occurred 
in large numbers in those spots where it was found. 

Cvlex pipiens fed quite well when allowed to feed in large cages while the 
volunteer slept. This is the common house mosquito of Northern United States. 
The material used in tests w'as from a colony started from egg rafts supphed by 
the Army Medical School at Washington, D. C. 

All efforts to feed specimens of Cidex restuans were unsuccessful. 

Mansonia periurhans fed quite well in lantern globes. Because of the diffi- 
culty of obtaining larvae of this species, it was necessary to feed wild adults 
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cnupht in flic woods u hile ntfcrnpting (o bite. This species is widely distributed 
throughout Is’orth America. 

A few sirecimons of Orlhopodoviyia sp. were obtained but none of these fed. 
Psorophorn ajanfserns fed very readily in the laboratory. This species is 
widely di.^lribufed throughout the Southern States. 

T.VBLE 2 


Pnrlopnirnt of JU. hancrofti larvae in I'arious species of mosquitoes 


rrrcirs 

r.AltLY PrATLOrifTKT 
or LARVAr—J TO 9 
DAYS ATTHR rcr.DiKC 

LATi: DEXTLOrjLTEKT OF 
LARVAE— 9J DAYS OR MORE AFTER 
rnnoiNC 

TOTAL 

IKFECTI- 

BILITY 

FERCENT- 

AGE 

NUMBERS OF 
INFECTIVE 
LARVAE PER 
SPECIMEN 

Number 
of moj. 
ejuilOM 
dmected 

Number 

showinR 

norm.ll 

Iir\-ac 

cr 

Ba 

u 

O M 

V) 

n 

Number showing well 
advanceil, but not 
infective, hrvae 

Number showing in- 
fective hrvac any- 
where in body 

Number showing in- 
fective larvae in 
head or proboscis 

Maxi- 

mum 

Aver- 

age 

Anopheles crucians 

22 

11 

12G 

2 

1 

0 

2.4 

1 

1 

A. niaculipennts free- 

1 






i 



born: 

25 

0 

105 

0 

0 

0 

0.0 1 



A . quadrimaculalus . . . , 

20 

0 

116 

0 

0 

0 

0.0 



AfftM canadetisis 


0 

59 

0 

0 

0 

0/59* 



A. thibaulti 

i 13 

1 

lOS 

3 

0 

0 

2.8 



Culex crraticus 

1 

1 

49 

5 

9 

4 

14/49 

9 

1 4 

C. pipiens 

5 

! 4 

lOS 

14 

84 

64 

91 

53 

14 

C. salinarivs 

33 

14 

109 

3 

0 

0 

2.8 



Psorophora ciliata 

15 

0 

lOS 

0 

0 

0 

0.0 



P. aianesccns 

3 

1 

51 

0 

0 

0 

0/61 



P. discolor 

33 

29 

120 

42 

38 


67 

15 

5 

P. ferox 

0 

0 

2 

0 

0 


0/2 



P. hotcardii 

0 

0 

4 

0 

0 


0/4 



Mansonia pcrlurbans , . 

10 

0 

5S 

0 

0 


0/5S 




* Percentages not computed on less tlian 100 late dissections. 


Psorophora discolor was found to be more abundant than was previously 
described in the former paper, occurring in appreciable numbers in almost every 
breeding area where other Psorophora Avere foxmd. 

A few Psorophora ferox were obtained and these did not feed nearly as well 
as this species does in the woods. This species is distributed rather widely 
throughout the United States although the larvae are difficult to find. 

A few Psorophora howardii were encountered and these fed fairly well. This 
species occurs throughout the Southern States although it is not common. 

LARVAL DEVELOPMENT 

The development of the larvae within the mosquitoes followed the same pa-t- 
tern described by other Avorkers and by Nevdon, Wright, and Pratt (1945) m 
the earlier report on this project. In susceptible species the infective stage 
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usually Avas reached Avithin tivo Avecks. HoAvcA’’cr, 5 to 7 days additional time 
Avas required in Psorophora discolor. 

Development Avas arrested at the first stage in those species in Avhich it AA’as 
incomplete or aborth'c. In some species the microfilariae ncA'er reached the 
thoracic musculature. This Avas the case in Anopheles gmdrimacxilalns and 
A. macidipcnnis frcchorni in Avhich dead and encapsulated microfilariae Avere 
found in the abdominal caAuty 12 hours after the blood meal. 

HESULTS OF EX^AMINATIONS 

A total of 1314 dissections Avas made of 14 species of mosquitoes. The results 
of these dissections arc given in table 2. This table contains data on species 
not discussed in the previous report. In addition, it includes the final results, 
AA'ith the exception of Cxdcx crraticiis, obtained Avith species Avhich had not been 
adequately tested at the time of AA’riting the prcA'ious report. A discussion of 
the results obtained Avith each species is given bcloAv; 

Anopheles crxtcians. A total of 148 specimens AA'as examined of AA'hich 126 
sui’A'iA’^ed 9^- days or longer after an infected blood meal. Of the 126, one mos- 
quito contained an infective larva and 2 other mosquitoes contained third-stage 
larA'ae at a late stage of development. The larvae often deA’'cloped normally 
up to the sausage stage in this species. Half of the mosquitoes dissected before 
9§ days contained early forms Avhich appeared to be in good condition. Hoav- 
eA’^er, in mosquitoes dissected at a later date the larA’ac usually had not de- 
veloped beyond the first stage and AA’ere dead and often encapsulated. An 
infectibility rate of about 2 per cent A\’as obtained AA-itli this species. 

Anopheles macidipennis freehorni. A total of 130 mosquitoes AA-as dissected, 
of A\'hich 105 had survived 9^- days or longer. With but fcAA* exceptions the 
specimens examined AA'ere negatu'^e. The lavAme that Averc encountered AA'ere 
dead and degenerate first-stage forms. Some specimens examined AAuthin a 
feAV hours after feeding contained larvae that AA’ere becoming encapsulated in 
the abdominal cavity. 

Anopheles guadi'iinacidaius. Studies AA'ere continued AA'ith this species. A 
total of 136 dissections aa'cs made, of AA'hich 116 AA’ere of mosquitoes suTAUA'ing 
91 days or longer. By far the majority of these AA’as negatn'e and AA'hat feiA' 
larvae Avere encountered AA'ere dead fimt stages. Early first-stage larvae Avere 
encapsulated in the abdominal cavity of this species Avithin a feiv hours after 
feeding. The results obtained Avith this species closely approximated those 
obtained Avith A. macidipennis freeborni in every respect. 

Aedes canadensis. Manj' hundreds of females of tliis species AA’ere exposed to 
blood meals but so feAA’ fed that a total of only 69 dissections AA'as obtained. 
Of these, 69 Avere of mosquitoes Avhich had survived 9^ days or longer. All 
dissections Avere entirely negative. 

Aedes ihibaulii. A total of 121 dissections Avas made, of AA'hich 108 had sur- 
vived for 9| days, or longer. Of the latter, 3 mosquitoes contained normally 
developing late stages although no infecth'e larvae AA’ere found. Only one of 
13 mosquitoes dissected prior to 9 J, days contained normal larvae. The ma- 
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jority of the specimens examined ivere completely negative, and with the above 
4 exceptions what larvae were found had ceased development early in the first 
stage. A possible infectivity rate of 3 per cent was obtained with this species. 

Cvlex erraiicus. Study of this species was continued. A total of 50 dissec- 
tions was made, of which 49 were of specimens surviving 9| days or longer. Of 
the latter, 9 contained infective larvae and an additional 5 contained larvae at 
a late stage of development. The other 35 were negative. No incomplete or 
abortive development of the larvae was noted in this species. An infectibility 
rate of 14 per 49 was obtained. 

Crdex pi-piens. A total of 113 dissections was made of this species. Of 
these, 108 were of mosquitoes surviving 9J days or longer after feeding. In 84 
of the 108 there were active infective larvae. Sixty-four of these mosquitoes 
had head or proboscis infections. Of the other 24 which survived 9| da3’^s or 
more, 14 contained late stages of the larvae which had not attained the infective 
stage. Four of the 5 examined at an early date contained normal larvae. A 
total infectibilitj’' rate of 91 per cent was obtained with this species. 

Cnlex salinarivs. Study of this species was continued. A total of 142 
dissections was completed. Of these, 109 were of mosquitoes which had sur- 
vived OJ da3's or longer after feeding. No infective larvae were recovered al- 
though third-stage larvae were found in three of the specimens. Of the 33 
mosquitoes examined prior to 9| days, 14 contained normall3’' developing larvae. 
In about half of the dissections larvae were recovered. However, with the three 
exceptions mentioned, development had ceased at the presausage stage. This 
species had a potential infectibility rate of 3 per cent. 

Mansonia pertxirbans. A total of 68 dissections was made of this species. 
Of these, 58 were of mosquitoes wliich had survived 9| days or longer. None 
of the latter contained infective or late stages of the filariid. There was no 
normal development encountered in the 10 dissected prior to 9-| da3’-s. The 
ma.jorit3’’ of the specimens was negative and those larvae encountered were dead 
first stages. 

Psorcphcra ciliala. A total of 123 dissections was made of this species, of 
vhich 108 were late dissections. No development be3’-ond the first stage was 
found. The majority of the specimens examined was negative and most of the 
larvae foimd were dead and had been encapsulated at. the early first stage. 
None of 15 early dissections contained noimally developing larvae. 

Psorophora cyanescens. A total of 54 dissections was made, of which 51 were 
of mosquitoes which had sur\nved 9| da3^s or longer. In none of the 51 late 
dissections were there found late or infective larvme. One of three specimens 
dissected at an early date contained normally developing larvae. Over half of 
the mosquitoes examined contained larvae; but the latter had not developed 
be3mnd the presausage stage, and man3'^ were dead and undergoing degeneration. 

Psorophora discolor. In all, 153 dissections were made of this species. A 
total of 120 of these dissections was made 91- da3’s or longer after feeding. A 
large proportion of the late dissections was made after 181- da3*s because of the 
abnormall3' long period of development required for the lan'ae to become in- 
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fcctive in this species. In the 120 lain dis.'scctions a total of 38 specimens con- 
tained infeetive larvae, and half of the.se mosquitoes had proboscis or head in- 
fections. An additional 42 contained larvae in late stages of development. At 
the time of dissection these had not yet had sufficient time to reach the infective 
stage. Of the 33 examined prior to 91. days, 29 contained normal larvae. On 
the basis of these results an infcctibility rate of G7 per cent was obtained with 
this species. 

Psoropliora ferox. Onlj' two of this species were examined, both of which 
had survived at least 9-^ days. One mosquito was negative and the other con- 
tained 3 presausage larvae which were encapsulated. 

Psoropliora hoivardii. Only four individuals of this species were examined, 
all of which had survi\’ed 91. da5’'s after feeding. All specimens were negative. 

DISCUSSION OF RESULTS 

The results obtained with Cidex pipiens indic.ated that this species would in 
all probability be the major vector of Truc/icrena haiicrofli (the nocturnally- 
periodic strain) in the northern half of the United States in the event that the 
parasite were to become established there. Its high infectibility rate, domestic 
breeding habits, and its willingness to feed on man make this species ideall}' 
suited as a vector. 

A high infectibility rate was obtained with Psoropliora discolor and this species 
readily attacks man. However, because it is essentially a rural breeder, its 
potentiality as a major vector is lessened. In areas where there is considerable 
irrigation this species becomes veiy numerous, but the concentration of popula- 
tion in these areas is usually low. Therefore, it would require a rather high 
incidence of infection within the flight range of this species in order for the latter 
to play a dominant r61e in the spread of filariasis. 

Because of the low infectibility rates obtained with Anopheles crucians, 
Aedes tliibauUi, and Culex salinarius, it is unlikely that any of these species 
would be incriminated as a major vector of Wuchcreria bancrofti. It is con- 
ceivable that they might serve as occasional transmitters in an area of high 
endemicity. 

Anopheles macuUpennis freebomi. Anopheles quadrimaculatus, and Psoropliora 
dliala would be incapable of transmitting filariasis because of their complete 
failure to allow normal development of the larvae. 

Although the desired goal of 100 late dissections was not obtained with 
Mansonia perturbans, Psoropliora cyanescens, and Aedes canadensis, the negative 
results obtained from more than 50 late dissections of each species indicated 
that none is likely to be a successful intermediate host. Studies on Cidex 
erraticus likewise were not completed, but 49 late dissections indicated that tliis 
species might prove to be a fairly efficient intermediate host. Although this 
species usually breeds in rural areas, its feeding habits bring it to houses and 
barns wherein it rests during the day. In this respect it resembles Anopheles 
quadrimaculaius. The species probably feeds on domestic animals most of 
the time, but it has the reputation of being rather aggressive toward man in 
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certain areas. These characteristics together -ndth its relatively high infecti- 
bility rate make this species a potential vector of filariasis. However, addi- 
tional dissections are desirable to substantiate this opinion. 

Dissections of Psorophora howardii and P. ferox were too few to warrant any 
conclusion. All dissections were negative. 

SmratA.RY AND CONCLUSIONS 

Studies to determine possible mosquito vectors of Wuchereria bancrofti (noc- 
tumally-periodic strain) in the United States were continued. A total of 1314 
dissections was made of mosquitoes from 14 species. 

Seventy-eight per cent of Cvlex pipiens examined 9| days or longer after 
infection contained infective larvae, and an additional 13 per cent contained 
laiv^ae in late stages of development. A total infectibility rate of 91 per cent 
was obtained with this species. 

Thirty-three per cent of Psorophora discolor in late dissections contained in- 
fective larvae, and an additional 34 per cent contained larvae in late stages of 
development. The infectibility rate of this species was 67 per cent. 

Occasional development of the larvae to advanced or infective stages was 
observed in the following species: Culex salinarius, 3 per cent; Anopheles crucians, 
2 per cent; Aedes thibaidti, 3 per cent. 

No development beyond the first stage was observed in Anopheles qmdrimac- 
ulatus, Anopheles macuUpennis freeborni, and Psorophora ciliata. 

Studies were not completed on Aedes canadensis, Culex erraticus, Mansonia 
perlurbans, and Psorophora cyanescens. However, on the basis of 50 or more 
late dissections of each species, none of these was a good intermediate host Avith 
the exception of Culex erraticus which permitted development of the larvae to 
late and infective stages in 14 of 49 specimens. 

The few dissections obtained of Psorophora ferox and P. howardii were nega- 
tive. 

It is concluded that Culex pipiens and Psorophora discolor are capable of serv- 
ing as vectors of Wuchereria bancrofti should other conditions prevail for the 
spread of the parasite. Incomplete studies on Culex erraticus indicate that this 
species also might be involved as a transmitter although to a lesser extent. C. 
salinarius. Anopheles crucians, and Aedes thibaulti might serve as occasional 
vectors, although their low infectibility rates preclude their plajdng a major 
r61e in the spread of the disease. Anopheles quadrimaculatus, A. macuUpennis 
reeborni, and Psorophora ciliata are incapable of transmitting infection. 
Finally, although studies are not completed, it is apparent that Aedes canadensis, 
Mansonia perturbans, and Psorophora cyanescens could not ser^-e as vectors of 
Wuchereria bancrofti. 
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STUDIES OF FILAEIASIS 

DeVELOPJIENT of WtJCHEREKIA B.VXCROFTI IN CULEX 
QEINQUEFASCLVTOS OF OaHU 

E. CLIFFORD NELSON, i JOSEPH E. WEBB,=: jMILWARD BAYLISS^ and 

GOEDEN’ S. STARKEY^ 

From the 18th Medical General Laboratory 

The studj’- reported here ■was carried out with the purpose of determining 
whether Wvchcreria hancrofti of Okinawans would develop to the infective stage 
in the mosquito, Crdcx qiimqucjasciahis, on Oahu, Territory of Hawaii. Some 
observations made in an experimental feeding of the same species of mosquito on 
Koreans infected Avith IF. malayi are also reported. 

In j^ears past Samoans infected Avith Wxichertria hancrofli have come to Oahu, 
but no eA’idence of transmission has appeared. Samoan IF. hancrofli is knoAvn to 
dcA’elop best in and is transmitted by Aedes scukllaris var. pscicdoscidcUaris (1). 
This mosquito is absent from Oahu. Western Pacific IF. hancrofti of the type 
carried bj’' OkinaAvans on the other hand appears to deA'elop best in and is trans- 
mitted by CnZc.T qitinqncfasciahis (2). This is the most common mosquito 
on Oahu. 

Preliminary to this study a microfilaria! survey Avas made on OkinaAvan, 
Korean and Japanese prisoners of Avar brought to Oahu, T. H. Thick blood 
films AA'ere taken at night. Of 3768 OkinaAA-ans 708 (18.7%) Avere found positive, 
of 570 Koreans 49 (8.5%) and of 659 Japanese 7 (1.0%) Avere found positiA'c. 
The OkinaAvans and Japanese Avere positKe for 11'. hancrofli and the Koreans for 
IF. malayi. 

The periodicity AA'as determined bj’’ counts of the number of mici’ofilariae in 
20 cmm. blood taken at 10 A.M., 2 P.M., 6 P.M. and 10 P.AI. FiA'e OkinaAA ans 
AA'ere checked, and a strong nocturnal periodicity of the IF. hancrofli microfilariae 
found. The counts of microfilariae at the aboA-e hours on a typical OkinaAA-an 
ran 0, 2, 14, 139. A similar series on fiA'c Koreans revealed a similar, though 
slightK less rigid, periodicity for IF. malayi. lilicrofilarial counts on a typical 
Korean ran 2, 4, 37, 107. 

DeA'elopment in the mosquito of IF. hancrofti from OkinaAvans Ava.^^ folloAvetl by 
dissection of laboratory reared mosquitoes after feeding on OkinaAvans positive 
for microfilariae. In the course of the day to day dissections photomicrognq)hs 
AA'ere made of the step bj' stop doA'elopment to lu-OA'idc a series comparable to 
studies Avhich haA'o been reported from Samoa (1) and the PhiliiAjnncs (2). 'J he 
photomicrogi'aphs are presented in figures 1 to 14. The explanation of the.'-c' 
figures folloAvs. 

' Cai)taiu. Sanitary Corps, .V.U.S. 

2 Major, Sanitary Corps, .\.U.S, 

’Lieutenant Colonel, Medical Corps, A.l'.S. 

‘Technical Sergeant, Medical Department. .\.U.S, 
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Fifriivc 1 sbo^YS a larva obtained on dissection of a mo>,quito the clay after 
feeding. The inicrofilarial .sheath is gone and some thickening of the body lias 



Fic. 1 Fig. 2 



Fig. 5 Pig q 


taken place. Initial development is rapid, and bj'^ the end of the second daj’’ a 
marked thickening and some internal differentiation may be evident (fig. 2). A 
prominent tail spike is characteristic of the larva during the period of de\ elop- 
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stages of deSlopmtnU^ up^to ti (^S- 5) These 

spike is bent out of focus Tl fiist moult. In figuie 4 the tail 

Ihe anal vesicle is visible neai the posteiior end 
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Fig, 10 


Figure 6 shows a larva at the end of the seventh day. The fii'st moult has 
taken place. The spike-like tail projection is lost with the shed cuticula. The 
digestive tract has become well differentiated, and there is a marked increase in 
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Fig. M 


length. A small posterior conical projection is apparent during the period of 
development through the eighth (fig. 7), ninth and tenth daj's (fig. S) vhich takes 
up to the second moult. Figure 8 shoAvs the tentii day larwa considerably com- 
pressed to reA'^eal the digestive tract. 
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Figure 9 shows the larva on the eleventh daj’’ after the second moult. Marked 
gi-owtli in length takes place again at this time. Progressive growth and matur- 
ing is shown by the stage obtained from the head of a mosquito on the thu-teenth 
day (fig. 10) and fourteenth day (fig. 11). The mature infective larva obtained 
from the labium of a mosquito on the fifteenth day is illustrated in figure 12 ufith 
the anterior end in focus and figure 13 with the posterior end in focus. 

Figure 14 shows a mature infective larva projecting from the labium of a 
mosquito. 

Observations on IF. malayi development in Culex quinqiiefasciaius. W. 
malayi has been shown to undergo its development in six days in cei'tain species 
of Mansonia and Anophdes but not in Ciilez fatigans (3). In a feeding trial 
carried out by us, fourteen laborator 5 ’- reared Culex quinqiiefasciaius were dis- 
sected from the second to the tenth day after feeding on a Korean positive for 





Fig. 15. A PnoTOMiCROGR^rii of .■v L^rva of W. malayi Obtained by Dissection of a 

CuiiEX qUINQUEFASCIATUS THE D.AY AFTER FEEDING ON A POSITIVE KOREAN 

This individual is still inclosed in the microfilarial sheath. Note the peculiar, twisted 
tail. 

IF. malayi. In onlj’- one a mosquito dissected on the second daj’' were any larvae 
found. This is depicted in figure 15. 

SUMMARY' AND CONCDUSIONS 

Microfilariae of Wuchereria hancrofti from Okinawa develop readily into 
infective larvae in Culex qiiingiiefasciatus of Oahu, Territor}’^ of Havnii. Micro- 
filariae of Wuchercria malayi from Koreans failed to develop in the same 
mosquito. 

REFERENCES 

1. Byrd, E. E., St. Amant, L. E., and Bromberg, L.: Studies on filariasis in the Samo.an 

area. TJ. S. Nav. Med. Bull., 44: 1-20, 1945. 

2. Ashbubn, P., and Craig, C. F.: Observations upon Filaria pJahppinensis and its de- 

velopment in the mosquito. Phil J. Sci., 2; 1-14, 1907. 

3. Feng, L. C.: A comparative studj" of the anatomy of Microfilaria malayi, Brug, 1927, 

and Microfilaria hancrofti, Cobbold, 1877. China Med. J., 47: 1214-1246, 1933. 




L.*VBOIL\TORY STUDIES ON THE SNAIL HOST OF 
SCHISTOSOMA MANSONP 

ELOISE B, CRAM and VIRGINIA S. FILES 

From the Zoclogy Laboralor;/, National Institute of Health, U. S. Public Health Service, 

Jicthesda, Maryland 

In the initial phases of an investigation undertaken in this Laboratory’- on the 
susceptibility of /Vnicrican Planorbidae to infection with Schistosoma mansoni, 
Cram, Jones, and W’right (1) in 1944 reported negative results with 11 species 
and subspecies of planorbids; a total of 100 specimens had been exposed to mira- 
cidia without evidence of subsequent infection. At that time attention was 
called to the fact that Tropicorhis dotibilli, obtained from Texas, had exerted the 
greatest attraction for the miracidia; because of this observation and also because 
of the close relationship of the genera Tropicorhis and Australorbis, attention had 
been centered on T. donbiUi, with unsuccessful attempts to infect a total of 
40 specimens. 

The following year the same authors (2) reported the first positive results. A 
species of Tropicorhis from Louisiana, identified by U. S. National Museum 
specialists as 1\ havatictisis (Pfeiffer), was established as a laboratory’- colony. 
Ylicn experimental infection vith S. mansoni was attempted, in one lot of six 
artificially reared juveniles, one snail, and in another lot of six, two snails, later 
shed cercariae. This constituted the first demonstration that we have in the 
continental United States a species of snail which is capable of serving as an 
intermediate host of S. mansoni. 

ADDITIOKAl. NEGATIVE RESULTS 

Continuing the work, the present writers can now report additional negative 
results, consistent with the original report (1) for the following number of speci- 
mens: Hclisoma dxtryi intcrcalarc, 9; //. suberenatum (typical), 8; H. snbcrenatnm 
disjcctum, 7; H. temie californiense, 11; H. trivolvis, 38; Planorbis comeus, 4; 
Tropi corbi s donbiUi, 36 . Species which had not been pre-viously^ tested and which 
also failed to show evidence of infection after exposure include the folloving: 
Gyrauliis parvus, 6; G. similaris, 19; G. stearnsi, 10; Helisoma duryi eudiscus, 19; 
H. duryi scminole, 15; H. scalare, 6; H. temie sinuosum, 17; H. trivolvis lentum, 
16; and Planorhula armigera, 14.- 

* PrcBcnted at the 20th Annual Meeting of the American Society of Parasitologists, St. 
Louis, Mo., March 30, 1946. 

* We are indebted to Dr. Paul Bartsch, Curator of Molluscs and Cenezoic Invertebrates, 
TJ. S. National Museum, and to Dr. J. P. E, Morrison of his staff for identification of the 
species listed here, and to many persons for their cooperation in collecting and shippi^ 
snails, the following persons having furnished the species dealt with in this report: G. H. 
Ball, M. Berg, E, G. Berry, H. S. Colton, S. Dinkins, W. O. Gregg, J. B. Lackey, E. L. 
Lazier, F. Lyman, P. H. Reed, E. N. Wilcox, F. H. Wilson, and W. H. Wright. 
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FURTHER INVESTIGATION OF THE SUSCEPTIBILITY 
OF TROPICORBIS FROM LOUISIANA 

Up to the present time, for these studies we have had four lots of Tropicorbis 
from Louisiana; these were designated by us as Louisiana C, La. K, La. N, and 
La. 0, in our alphabetical filing of snails received from that state. 

- La. C: This was the lot which was utilized in the initial tests (2); it was col- 
lected by Dr. Arlie Todd in September, 1944, “in the University Lake at the 
edge of Louisiana State University campus which is considered a suburb of 
Baton Rouge.’' 

The remaining three lots were collected in September, 1945 by Dr. Elmer G. 
Berry from the following localities: 

La. K : Collected from the same lake from which the collection had been made 
by Dr. Todd the previous year; they were found by Dr. Berry at the extreme 
south end of the lake, just below the overflow, either floating or on aquatic 
vegetation close to the surface (2" deep) near the bank, one-half mile east of the 
Agricultural Center Building on University Campus. The water was warm and 
murky with pH 7.8. 

La. N : Collected from Audubon Park, New^ Orleans. The snails were found on 
Ceratophyllum^ close to the bank, in a lagoon situated near the zoo. The water 
wns stagnant and shallow ivith pH 8.2. 

La. 0: Collected at Baton Rouge, southwest of the University, in a borrow pit 
between the old and new levees; w'ater from the hlississippi River had W’ashed 
over the new^ levee into the pit. There was no aquatic vegetation; the snails 
were found on dead leaves and sticks in ivater with pH 8.4. 

SPECIFIC IDENTITY OF LOUISIANA TROPICORBIS 

Concerning the snails w'hich he collected, as noted above. Dr. Berry has fur- 
nished us the following statement; Specimens from Lot K have been determined 
as Tropicorbis havanensis (Pfeiffer). Those from Lots N and 0, although resem- 
bling each other in shell character, are not alike in their genital structures, and 
each is specifically distinct from Lot K (T. havanensis). Feiv anatomical studies 
have been made on members of this Genus and until further research work has 
been made the specific identifications of Lots N and 0 can not be determined. 

MATERIALS AND METHODS 

In order to provide a variety of conditions which might influence the suscep- 
tibility of Tropicorbis to infection, both wild and laboratory reared snails of 
various ages w^ere used; some were exposed individually, usually to 3 miracidia 
and others en masse to varying numbers. For some, miracidia of S. mansoni 
originating from rodents and for others those from monkeys were employed. In 
some instances there was only one exposure and in other cases so-called “pro- 
longed” exposure, miracidia being added to the w^ater with the snails from 2 to 
5 times within a 2 to 12 days’ period; in addition some snails were reexposed, 
that is, again exposed to infection at a later date after completion of the incuba- 
. tion period and an observation period with absence of evidence of infection. As 
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a rule the snails were held in a 25°C. incubator at night and were taken out into 
the light at room temperature during the day. Snails which died during the 
incubation period were dissected in search of sporocysts, if dissolution of the Rn,q.i1 
body had not taken place. After an incubation period of approximately 22 
days, microscopical examinations were made daily for the emergence of cercariae. 

BESULTS 

The number of snails exposed and the results' obtained are sho^vn in table 1. 
In the initial phases of the investigation, with snails of La. C lot, laboratory- 
reared specimens were used with a single exception. The one wild specimen and 
17 laboratoiy-reared specimens were exposed individually and failed to show 
evidence of infection. On the other hand, of a total of 45 laboratory-reared 
specimens which comprised 9 groups of 2 to 7 snails each, in which the snails 
were exposed not individually but as a group, 38 snails gave no evidence of 
infection whereas 7 specimens shed cercariae of S,. mansoni. Five of the 38 
resistant snails were reexposed at a later date but again vdth negative results. 

The susceptibility of wild snails as compared wth those reared in the labora- 
tor}”^ was more thoroughly tested with the three lots of Tropicorbis received in 
the autumn of 1945. As noted in table 1, of 21 wild specimens of lot La. K, 
exposed individually, 20 failed to become infected and 1 subsequently shed cer- 
cariae. Of the 20 resistant snails, 7 were reexposed individually with negative 
results, and of these 2 were exposed a third time and still showed no evidence of 
infection. However, the remaining 13 of the original 20 negative snails were 
utilized for reexposure in 3 groups of 4, 4 and 5 snails, respectively, and in one 
group 1 snail later shed cercariae. Eleven of the 12 resistant snails were exposed 
a third time, as a group, but again failed to become infected. On the other hand, 
there were no instances of infection among 15 laboratory-reared snails which 
were exposed individually, even when 5 of these were exposed a second time. 

With snails of the two lots. La. N and La. 0, no positive results have been 
obtained to date. As noted in table 1, principally wid specimens have been 
employed to the present time. Of La. N snails, 19 were submitted to individual 
exposure and 24 to group exposures, with later reexposure of 15 and 19 specimens, 
respectively, from the two categories. Only 5 laboratory-reared specimens have 
been available; these also failed to shed cercariae after individual exposure. Of 
wild snails of the La. 0 lot, 60 were exposed individually with 52 of these later 
being reexposed and 22 of the latter exposed a third time mtli consistently nega- 
tive results; similarly, attempts to infect several groups, totaling 235 specimens, 
met with failure; 106 of these were exposed a second time without resultant 
infection. To date, only 12 laboratory-reared specimens have been utilized; 
these were exposed individually with negative results, even when 6 were subse- 
quently reexposed. 

Summarizing the e.xperimental work to date, of a total of 464 Louisiana Tropi- 
corbis exposed, 9 snails, or 1.9 percent, subsequently shed cercariae of S. mansoni. 
Of 360 wild specimens, 2 gave positive results, one of these being a specimen 
which was resistant when first exposed individually but which developed cercariae 
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after a second exposure when it was one of a fjroup wliich was exposed cn mnn^c. 
On the other hand, of a total of 101 laboratory-reared snails, 7 were successfully 
infected. 

It will be noted from table 1 that all 9 specimens of Tropicorhir, vduch v/crc 
xpcrimentally infected with S. vmrinoni were of the same Ronetic background, 


ex 
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Results of experimental exposure of Tropicorhir. to Schistofoma mnnroni 
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New Orleans 

19- 
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La. 0; Levee, Baton 
Rouge 

GO- 

52- 

22- 

1 

12- 

B 
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lOG- 




Total 

4 Lots 

3 Localities 

100- 

1+ 

74- 

24- 

59- 

11- 

259- 

137- 
1 + 

11- 

1 

3S- 

7+ 

5- 


Wild stock. 
Lab-reared . 


3G0 exposed, 35S negative, 2 positive (O.C%) 
104 exposed, 97 negative, 7 positive (G.7%) 


Total 4G4 exposed, 455 negative, 9 positive (1.9%) 


L.S.U. strain (La. C and La. K) : 


Wild stock 22 exposed, 20 negative, 2 positive (9%) 

Lab-reared 77 exposed, 70 negative, 7 positive (9%) 

Total 99 exposed, 90 negative, 9 positive (9%) 


* These 12 snails were part of the 20 previously exposed individually, with negative 
results. 

belonging to the two lots of snails collected from the lake on the University cam- 
pus at Baton Rouge. Of wild snails collected at that site, 2 of 22, or approxi- 
mately 9 percent, and of the laboratory-reared progeny of that stock 7 of 77, 
also approximately 9 percent, proved susceptible to infection with 5. mansoni. 
For the most part the individual experiments were conducted with small numbers 
of snails. The nine snails successfully infected were distributed in five different 
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Six mice were infected with cercariae of S. mansoni from Tropicorbis, three of 
the mice from the laboratory-reared La. C snails and the other three from the 
wild specimens of La. K. A. maximum of 175 adult S, itidTisoTVi per mouse, were 
collected. Lesions were similar to those which result from infection with 
cercariae from the well-established snail host, Ausiralorbis glabratm; tremendous 
numbers of ova were found in the liver and the wall of the intestine. 

The adaptability of S. mansoni to these two species of planorbids was evident 
from its passage through the follondng steps: From Ausiralorbis to a rodent to 
Tropicorbis to a rodent to Australorbis. On the other hand, that the infection 
could be maintained by Tropicorbis was indicated by successive transfer of the 
infection from Tropicorbis to a rodent to Tropicorbis to a rodent. 

SUMMARY 

Nine additional species and subspecies of native American planorbids have 
been exposed to infection with Schistosoma mansoni, noth negative results; 
additional attempts have been made to infect certain species which had been 
tested earlier. 

Additional laboratory studies have been conducted with a species of Tropicorbis 
which has proved susceptible to infection. To date, 9 specimens have been 
infected; all of these snails came, or were progeny of snails which came, from a 
lake on the campus of Louisiana State University at Baton Rouge, Louisiana. 
Subsequent to exposure of 22 wild adult specimens and of 77 laborator 3 '--reared 
juveniles, 2 and 7 snails, respectively, or 9 percent, shed cercariae of S. 
mansoni. On the other hand, there are described unsuccessful attempts to 
infect tropicorbids which, however, appear to be different species and which were 
collected from two different sites. 
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l-OLERANCE OF FOWLS FOR MODERATE INFECTIONS 
OF INTESTINAL HELMINTHS^ 

J. E. ACKERT AND CHARLES L. WISSEMAN, Jh. 

Corttribution No. — from the Department of Zoology, Agricultural Experiment Station, Kansas 

State College, Manhattan, Kansas 

It has been kno'mi for over a decade that heavy infections of ascarids are harm- 
ful to young animals and in some instances may cause their death. Older animals 
are more resistant and frequentl 3 ’’ can harbor rather large numbers of the para- 
sites without noticeable harm. ICnowledge of tapeworms as etiological factors 
of disease in young animals is not so •well established. TiTiereas, heavy infections 
of adult tapeworms have shown definite effects upon the young hosts in some 
experiicents, in others fairly large feedings of larval tapew'orms caused little or 
no disturbance in the growing hosts. 

Examinations of fowls in the vicinit 3 ’- of Manhattan, Kansas, in recent years 
have revealed moderate infections of ascarids and tapeworms in both ailing and 
apparently normal yoimg fowls. It was to investigate the importance of moder- 
ate infections of roimdworms and tapeworms in growing chickens that the 
present studies were made. 

EPKECTS OF ASCAEIDIA GALLI ON CHICKENS 

E'vidence of harmful effects of large infections of the fowl nematode, Ascaridia 
galli,^ on young chickens was obtained by Ackert and Herrick (1928) who con- 
ducted an extensive series of carefully controlled expeidments. Large feedings 
of A. gain eggs (500 to 2000) were given to 3 ’'oung chickens kept on what was then 
considered to be an adequate ration. Chickens four to 11 weeks of age became 
heavil 3 ’’ parasitized and showed significant effects of the parasitism. The growth 
of the fowls was markedly retarded and the mortalit 3 ’' rate increased. Previous 
tests b 3 ’’ Ackert and Titus (1924) showed that hea'^T infections of A. galli louvered 
the blood sugar levels in the young fowls; and in similar tests it was found that 
the th 3 Tnus glands were shrunken in young chickens heavil 3 ’^ parasitized with 
these nematodes (Ackert, 1924). From hea\' 3 ’’ infections of chickens with As- 
caridia larvae Clapham (1937) noted intestinal lesions, severe enteritis and 
petechial hemorrhages on the mucous membranes. 

These and other harmful effects noted were due to hea\’y infections of ascaridia 
larvae resulting from feeding large numbers of embryonated eggs of the nematode. 

JIETHODS 

Day-old "Vniite Leghorn chicks were placed in brooders in a tightb’ screened 
room used for testing their tolerance to moderate worm infections. -‘Vn adequate 
ration and water were kept before the chickens at all times during the experi- 

1 Read at the Fortj’-First Annual Meeting of the American Society of Tropical Medicine, 
at Cincinnati, Ohio, Xovember 13-15, 1945. 

* Ascaridia galli is doubtless the same species as A. lincata. 
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ments, except for short periods before weighing and taking blood samples, when 
the feed was removed. 

At the age of 23 days they were weighed and divided into two groups of 15 
chicks each matched closely according to weight, one group to be parasitized 
and the other to be kept as controls. On the following day approximately 200 
embryonated eggs of A. galli were fed to each chick of that group. Two weeks 
later while the larvae were still partially buried between the intestinal viUi 
(Ackert, 1923), a 0.5 to 1.0 ml. blood sample was taken from a wing vein of each 
chick in both groups which had been without feed for 12 to 24 hours. The sam- 
ples were stored in small test tubes containing enough powdered sodium citrate 
to prevent clotting. All samples were analyzed for blood sugar mthin three 
hours after they had been taken. Hemoglobin was estimated with the New 
Dare Hemoglobinometer. The feric sulfate microtitration method of Miller 
and Van Slyke (193G) was utilized to determine blood sugar, duplicate samples 
being analyzed in each case. Weights were recorded on the days preceding the 
analyses. Four weeks after infection the chicks were subjected again’ to the 
same series of tests. At the termination of the experiment all chicks of both 
groups were killed and examined for worms. 

EXPERIMENT I 

After the fowls were on the experiment for two weeks the average gain made 
by the control chickens was of 101.9 g., as compared with a 99 g. average gain 
in weight of the parasitized group — a negligible difference of 2.9 g. The average 
blood sugar level of the control fowls at that time was 173.1 mg. per 100 ml. of 
blood as compared udth an average of 170.7 mg. per 100 ml. of blood in the para- 
sitized birds— again a negligible difference. The hemoglobin estimates for the 
controls averaged 9.4 g. per 100 ml. of blood while that for the controls was 
9.6 a difference of only 0.2 g. which was within the range of experimental error. 
Thus, at the end of two weeks of parasitism when the ascaridia are in the most 
damaging position ^their anterior ends buried in the intestinal mucosa — there 
were no constant differences in the growth rate, the blood sugar level, or the 
hemoglobin content between the control and the parasitized chickens. 

The comparative results of the tests at the end of four weeks (table 1) were 
not very different from those after two weeks. The control fowls gained an 
average of 299 g. as compared uith a 297.6 g. average gain for the parasitized 
group; and the blood sugar level averaged 168.2 for the controls as compared 
with 163.2 mg. per 100 ml. of blood for the parasitized fowls— a small difference 
of 5 mg. per 100 ml. of blood. Considering the wide variability in blood sugar 
levels in the control and in the parasitized groups, this slight difference between 
the two groups obviously is not significant. 

At this time the experunent vras terminated and the fowls of both groups 
killed and examined for the intestinal nematode, A. goXbi^ Not a worm was found 
in a control chicken, but in the parasitized group, every chicken had ascaridia, 
the infection range being from one to 46 Avoims, an average of 17.9 ascaridia per 
fowl which is somewhat more than the number usually found in range chickens. 
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While the results failed to show constant differences between the control and 
the parasitized fowls, it seemed possible that there might be indhdduals that 
were definitely affected by the parasitism. Table 1 shows that nine of 15 para- 
sitized chickens gained less than their controls, and eight of 15 had both lower 
blood sugar levels and hemoglobin content. However, only two parasitized 
fowls, those vith 33 and 20 worms respectively, were lower in all three compari- 
sons. Four other chickens with larger infections failed to give indications of 
constant effects of the parasitism. 


TABLE 1 


Data on effects of A. galli on young chickens each -parasitized at the age of 24- days 

•with 200 -worm eggs 


GAIN AFTER 4 WKS., 
CONTROLS 

GAIN AFTEB 

4 WKS., 

1 PARASITIZED 

1 

BLOOD SUGAR 
AFTER 4 WKS., 
CONTROLS 

BLOOD SUGAR 
AFTER 4 WKS., 
PARASITIZED 

HEMOGLOBIN 
AFTER 2 WKS., 
CONTROLS 


NUMBER OF 
WORMS 
PARASITIZED 
CHICKENS 

grains 

grams 

me./IOO ml. 

mi./lOO ml. 

gramflOO ml, , 

gram/100 ml 


' 262 

1 284 

137 

141 

9.6 

13.7 1 

5 

344 

280 

164 

171 

8.3 

14.2 

1 

362 

338 

189 

152 

8.7 

7.6 

33 

314 

273 

204 

175 

10.6 

8.8 

20 

273 

325 

132 

129 

10.0 

7.4 

46 

278 

336 

199 

148 

7.8 

12.8 

11 

238. 

318 

188 

180 

12.6 

6.8 

4 

289 

254 

190 

184 

9.2 

9.6 

18 

290 

290 

158 

168 

9.6 

8.9 

32 

197 

304 

160 

192 

8.4 

7.5 

2 

314 

193 

170 

129 

8.8 

10.6 

1 

339 

337 

162 

186 

10.3 

8.2 

16 

335 

305 

160 

160 

9.6 

8.9 

39 

322 

329 

150 

174 

9.0 

9.9 

2 

328 j 

298. 

160 

159 

8.6 

8.9 

38 

Ave. 299.0 

1 

297.6 

168.2 

163.2 

9.4 

9.6 

17.9 


The results indicate that under conditions similar to those in this test, chickens 
. can tolerate for one month moderate infections of the fowl nematode, A. galli, 
without being harmed by the worms. 

EFFECTS OF BAILLIETINA CESTICILLUS ON CHICKENS 

Cram, in 1928, announced the discoveiy that certain ground beetles may 
serve as the intermediate hosts for the fowl tapeworm, Raillictina ceslicilhts. 
Prior to this time, studies on the effects of this tapeworm on chickens were made 
on naturally infected fowls. Many such animals studied by earlier workers 
possessed mixed infections not only of various species of tapeworms but also 
of parasites distantly removed from this class. In studies made by observation 
and examination of naturally infected fowls, Gutberlet (191G) reported great 
himger and thirst, ner\'ousness, emaciated appearance, drooping wings, catarrh 
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of the intestine and, in heavy infections, anemia. These symptoms were attrib- 
uted to tapeworms in general. 

Stafseth (1935), reporting on the pathology of the host’s intestine as found in 
• autopsy of birds naturally infected with R. cestidllus, described a condition of 
capillary congestion with an infiltration of lymphocytes and polynuclear cells in 
the villi on either side of the crypt occupied by the worm. He found that hemor- 
rhages were not common; however, there was some enteritis in heavily infected 
birds. 

Controlled studies by Ackert and Case (1938) on fowls experimentally in- 
fected with the tape worm R. cestidllus showed less gain in weight and a lower 
blood sugar level in the parasitized chickens than in the non-parasitized group. 
Infections of long standing were reported to cause a significant lowering of the 
hemoglobin. 

Taylor (1933) working with 12 week old chickens artificially infected with 
Davainea proglottina was unable to find any noticeable disturbance of health in 
birds harboring as many as 3000 to 4000 worms; however, Le^’ine (1938) in 
infections of approximately the same magnitude found a difference of two to 
six ounces between the parasitized and non-parasitized groups of chicks from the 
35th day to the 136th day of the experiment. In esperiments vdth the tapeworm 
Hyvicnolepis carioca, Luttermoser (1940) found that two week old chicks in- 
fected with 1000 cysticercoids gained as much over a six week period as did the 
non-infected group. 

Variations in the results obtained by different workers as to the extent of 
deleterious effects of tapeworms on domestic fowls led to an inquiry into the 
reasons for those variations. Ackert and Reid (1937) introduced the factor of 
age resistance when they reported young chickens more susceptible to Rail- 
lieiina cestidlhis than older chickens. Recently, the role of the nutritional status 
of the host has been introduced as a major factor in the manifestation of dele- 
terious effects from parasite infections in general. Harvmod and Luttermoser 
(1938) showed that chickens infected with R. cestidllus gained only two-thirds 
as much weight in a two week period as their uninfected controls when both 
groups were fed a manganese deficient diet; however, uninfected chicks gained 
only slightly more than the parasitized ones when both groups were fed a more 
adequate diet. Later, Luttermoser and Allen (1942) reported that there were 
significant differences in weight gained by chickens parasitized udth R. cestidllus 
and unparasitized chickens when both groups were placed on a low protein diet. 
Again, when a parasitized and unparasitized group were fed a more adequate diet 
high in protein, there was no marked difference in weight. 

itETHons 

The methods for testing effects of moderate sized infections of tapeworms on 
fowls were similar to those reported above for ascaridia, except that it was neces- 
sary to grow the cysticercoid or larval stage of the tapeworm recently described 
by V'isseman (1945). For this phase, gravid tapeworm segments of Rail- 
lictina cestidllus containing numerous eggs were fed to ground beetles {Cratacan- 
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(hus, ^‘1 mara) in 'wliicli infectii'c cysticercoids developed in 17 to 20 days. About 
200 of these larval tapeworms were fed to each of 22 chickens 40 days of age. 
An equal number of chickens of from this same hatch was kept as controls, all 
chickens being given the same adequate ration. 

TABLE 2 


Effects of tapeworms {Eaillictina ccsticilliis) on growing chickens each parasitized at 40 

(lays of a<jc with about 200 larval worms 


C.UN AFTER S ^YKS., 
CONTROLS 

GVIN AITKR 

S WKS., 

PARASITIZED 

! PLOOD SUGAR 
AiTER 8 WKS., 1 
1 CONTROLS 

BLOOD SUGAR 
AFTER 8 WKS., 
PAR \SITIZED 

HEMOGLOBIN 
AFTER 8 WKS., 
CONTROLS 

HEMOGLOBIN 
AFTER 8 WKS., 
P\R\SmZED 

NUMBER OF 
M’ORMS 
PARASITIZED 
CHICKENS 

f^ratns 

sromK 

mi;. /wo ml. 

mg./lOO ml. 

rram/lOO ml. 

^ramllOO w/. 


S)S0 

821 

117 

147 

14.7 

10.4 

25 

837 

S6S 

170 

164 

15.6 

13.8 

42 

GS3 

' 630 1 

134 

145 

10.9 

11.9 

76 

791 

526 

132 

144 

11.1 

14.2 

25 

S57 

669 

140 

173 

10.5 

14.9 

150 

1,11-! 

671 

147 

169 

10.7 

13. S 

58 

759 ^ 

852 

200 

153 

11.4 

13.6 

133 

792 1 

959 ! 

143 

142 

10.9 

10.8 

33 

1,016 

623 

172 

164 

12.5 

11.4 

133 

7S3 

668 

143 

151 

13.4 

10.2 

16 

1.064 

909 

131 

172 

13.7 1 

11.9 

34 

1.076 

692 

140 

187 

14.8 j 

10.4 

39 

95S 

709 

155 

149 

11.3 

12.2 

56 

948 

810 

148 

154 

14.5 

10.5 

40 

47S 

699 

149 

164 

14.3 

14.4 

31 

72S 

873 

159 

152 , 

12.0 

10.7 

161 

647 

928 

152 

137 

11.2 

12.5 

16 

759 

529 

163 

144 

13.2 

' 10.5 

' 90 

506 

1,026 

137 

129 

! 13.9 

13.3 

172 

SIS 

981 

136 

157 

11.2 

14.3 

2 

666 


149 


14.6 



892 


195 


14.6 



Ave. 825. 1 

772.1 

150.5 

1 

154.8 

12.8 

12.3 

61.5 


EXPERIMENT II 

The control and parasitized chickens were observed closel}’’ for eight weeks 
when indii’idual weights were again made, samples of blood drawn for the blood 
sugar level, hemoglobin content and differential counts and the chickens killed 
for collection of the tapeworms. The results, except those of the differential 
counts, are gi\'en in table 2. As a group the controls grew somei\'hat faster; 
the}" made an average gain of 825.1 g. as compared vith 772.1 g. for the para- 
sitized group. Although matched evenly at 40 daj^s of age the control group 
included four fowls that gained more than 1000 g., while the parasitized group 
contained but one of these. It, howei’er, had 172 tapeworms, a portion of which 
are shown in figure 1. The A-ariations in individual gains were so large that the 
difference in gains in the two groups is not significant. 




.\( KHKT AM) < HAltMlS h. WISSKMA.N, Jit. 


Fig. 1. Photograph of a Portion of a Fowl s Intestine Opk.nei) to Show Attachments 
OF Tapem'OR.ms (Raii.i.!etin.\ Cestu'ii.li s) 

About normal size 


The comparative blocd sugar levels were 150.5 mg. per 100 ml. for the controls 
and 154.8 for the parasitized group — a slight difference. The hemoglobin com- 
parison was similar: an average of 12.8 g. per 100 ml. of blood for the controls 



TOLEllANCi: OF FO^\XS FOR INTESTINAL HELMINTHS 


727 


and 12.3 for the parasitized group. No constant differences between the groups 
^Yerc found in the differential counts. 

The iiost mortem examinations showed that the controls had no worms, but 
that all of the 20 fowls in the parasitized group (two were accidentally lost) 
had tapeworms, the infection range being from two to 172, an average of 61.5 
wonns per chicken. This would be considered as a moderatelj'' heavy infection. 
If the period of parasitism had continued for several months, or under conditions 
of Ic.'^.s favorable management, it is possible that infections such as these might 
have caused deleterious effects readil}' measurable. These chickens were fed 
at all times a full ration adequate in vitamins, proteins and minerals including 
traces of manganese recently found to be essential for the protection of fowls 
again.st ill effects of tapeworms (Hanvood and Luttermoser, 1938). 

In looking for possible trends in effects of the cestode parasitism, a further 
examination of the data in Table 2 shows that 12 of the 20 parasitized fowls 
gained less in the eight week period than did their control mates; only nine of the 
20 had lower blocd sugar levels; but 1 1 of the 20 had lower hemoglobin content. 
However, in cnly one case, the fowl with 90 tapewoi-ms, were possible effects of 
the ccstcdcs indicated in all three comparisons; retarded growth, lowered blood 
sugar and reduced hemoglobin content. 

It is apparent that with a complctel.v adequate ration and e.\'cellent care grow- 
ing chickens can tolerate moderate infections of the tapeworm R. cesticillus for 
ciglit weeks without harm to the fowls. 

StJMM.\Ry 

1. Exporim.cnts involving parastized and control fowls were made to test 
the tolerance of growing chickens to moderate infections of ascarids and tape- 
worms. 

2. The criteria for judging the tolerance included growth, blood sugar level, 
and hemoglobin content of parasitized fowls comparable to those of the control 
chickens. The criteria for the tapeworm tests included also differential blood 
counts. 

3. Chickens 23 daj's of age parasitized with 200 infective eggs of the fowl 
ascarid, Ascaridia galli, were able to tolerate infections of from one to 46 worms 
without manifesting definite harm from the worms in four weeks. The average 
of 17.9 ascardis per fowl is abo^'e the average infection in range fowls. 

4. Growing chickens parasitized at 40 days of age with 200 larval tapeworms 
{Raillitlina ccdialhts) were not significant!}' harmed by infections of from tAvo to 
172 tapeworms during a period of eight Aveeks. The aA'erage of 61.5 tapeAAmrms 
per foA\l is more than an aAmrage infection found under conditions of general 
poultry production. 
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EMERGENCY STERILIZATION OP DRINKING WATER WITH 
HETEROPOLAR CATIONIC ANTISEPTICS 

II. Peksistekce of Germicidal Action mtthin Intestinal 
Tilvct and Removal of Excess Drug with Adsorbing 

Agents' • ^ 

FREDERICK J. MOORE and JESSIE AWRMORSTON 

With the Technical Assistance of F. Golden and N. Anderson 

From Ihc Department of Experimental ^fcdicinc, University of Southern California School of 
Medicine, and from the Laboratories of the Los Angeles County Hospital 

The antiseptic action of hctoropolar cationic chemicals, or sjmthetic cationic 
detergents, against c^'sts' of Endamocha hisiolylica and against other micro- 
organisms, their relativel}' low acute oral toxicit}^ and their relative freedom 
from inactivation by high concentations of organic nitrogenous materials and 
alkalinity have suggested their use for the emergency sterilization of drinking 
water. 

Two objections ma}’’ be raised to this suggestion, however: (1) Antiseptic 
action of these chemicals might conceivablj’’ be reversed within the gastrointes- 
tinal tract; and (2) The slight taste and unknown risk of chronic toxicity would 
make it desirable to inactivate or remove excess chemical after antiseptic action 
has taken place. 

I. FAILTOE OF antiseptic ACTION TO BE REVERSED WITHIN THE 

INTESTINAL TRACT 

A heav}’’ gro\Yth of Salmonella enicridiiis was prepared on agar slants and di- 
vided into three portions Avhich were made up into heavily turbid suspensions in 
sterile water and in 1:10,000 and 1:20,000 dilutions of Zephiran. These sus- 
pensions were fed as sole source of fluid to groups of 5 mice each over a period of 
3 days, freshly-prepared suspensions being supplied twice daily. 

Subcultures of these solutions at the time of first feeding them to the mice 
gai'e all negati\"e results with the 1 : 10,000 dilution and some negative and some 
positive results with the 1:20,000 dilution. 

All of the control animals receiving contaminated water died with typical 
sjmiptoms of enteritis. One of the 5 mice receiving the contaminated solution of 
1:20,000 Zephiran died on the eleventh day, while all 5 recemng the contam- 
inated 1 : 10,000 Zephiran solution survived and remained as 3 ^mptomatic during 
the 12-day period of observation. There was therefore no evidence of reversal of 
germicidal action within the gastrointentestinal tract of the mouse. 

* Aided by the Weingarten Fund of the University of Southern California School of 
Medicine. 

- Read at the Annual Meeting of the American Society of Tropical Medicine, at Cin- 
cinnati, Ohio, November 14, 1945. 
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II, INACTIVATION OR REMOVAL OF EXCESS ANTISEPTIC BY ADSORPTION 

A nuinber of colloidal clays®, charcoals, and proteins were used as adsorbing 
agents for a variety of heteropolar cationic antiseptics. In all instances it was 
found that these materials tended to adsorb the cation from solution and to 
form, relatively coarse aggregates. There appeared usually to be an optimum 
cation/adsorbing agent ratio at ivhich adsorption and aggregation were at a 
maidmum. Many of the clays studied had an obnoxious taste or sensation in 
the mouth and some produced gelatinous colloidal solutions which rendered them 
xmsuitable for drinking water. The taste of the protein-containing solutions 
was found imdesirable, and it was also thought that these compounds would prob- 
ably be sufficiently expensive and difficult to handle to preclude their use as 
adsorbing agents in drinking water. The charcoals tested were relatively poor 
adsorbing agents in comparison with the more active colloidal clays, and the 
large quantities required were readily detectable in the mouth. A more finely 
divided charcoal might prove more effective. 

"Panther Creek Bentonite,”^ however, ivas a dry powder which went rapidly 
, and completely into colloidal solution and, with agitation, almost instantaneously 
adsorbed the tested cations completely. This commercial clay was fractionated 
by differential sedimentation in water in order to obtain a colloidal solution con- 
taining particles having an approximate diameter of one micron. Spectro- 
graphic analysis indicated that it consisted chiefly of calcium, magnesium, and 
aluminum, largely as silicates, with a fair amount of iron and faint traces of lead, 
zinc, sodium, and titanium. This colloidal clay solution had no appreciable 
taste and was not antiseptic itself. 

The paper filtrates of mixtures of Zephiran and this colloidal clay were tested 
for the Zephiran cation with brom phenol blue and biologically. Mixtures of 
Zephiran and colloidal clay resulted on agitation in the formation of a floccuhnt 
precipitate, maximum precipitation occurring when the two solutions were used 
in a ratio of 5 parts of clay to 1 part of Zephiran, by weight. With this ratio a 
flocculum was almost immediately formed which settled rapidly from solution. 
The supernatant clear fluid was entirely tasteless and appeared to be nontoxic 
for mice. Its Zephiran concentration was approximately 1:200,003. 

Separation of the supernatant solution from its precipitate might, however, be 
difficult or impossible under such conditions as would require the emergency 
chemical sterilization of water. Tests of taste and toxicity were therefore carried 
out upon whole mixtures and upon the precipitate itself. 

Whole mixtures of this colloidal clay with Zephiran or other tested cationic 
heteropolar antiseptics were essentially tasteless, the only taste being a flatness 
attributable to the slight excess of clay. The flocculum contained in these whole 
mixtures was so soft that its physical presence could not be appreicably detected 
in the mouth or throat. It was found impossible to injure mice with whole 
mixtures administered orally in a single dose of 0.5 cc. 

» Suggested to us by Doctor Valeo of the Ony.\- Oil and Chemical Company. 

* Obtained from the American Colloid Company, 
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In order to test more conclusively the taste and toxicity of Zephiran adsorbed 
on this colloidal clay, a clay-Zephiran sediment was prepared in which the con- 
centration of Zephiran was 1:74. This highly concentrated material was taste- 
less. .(Vn acute oral toxicity test was run. in which 0.5 cc. of the concentrated 
Zeiihiran-clay mixture was administered orally to mice. The dosage of Zephiran 
adsorbed on clay thus administered represented the equivalent, on a weight for 
weight basis, of about 100 liters of a 1:5,000 solution of Zephiran or its entire 
sediment when adsorbed on cla}’’, consumed b 3 ’- a 60-kilograra individual in a 
single oral dose. None of the mice recemng this stupendous dose exhibited any 
sjTuptom of toxicity. 

Numerous trials indicated that the adsorbed cation was devoid of antiseptic 
action. 

It Avas therefore concluded that Zephiran and other heteropolar cationic 
antiseptics are adsorbed almost completely on colloidal clays or other adsorbing 
agents and that, in the case of the claj’s tested, the cation is not significantly 
eluted in the mouth, as indicated bj’’ lack of taste, or within the intestinal tract, 
as indicated bj’’ lack of acute oral toxicity in mice. 

The possibility’- that colloidal clays would reverse the accomplished action of 
Zephiran was examined bj’^ titrations in which various concentrations of Zephiran 
were inoculated with E. coli and held at 20°C. At the end of 10 minutes a sub- 
culture Avas made and colloidal claj’- was immediately thereafter added to make a 
final ratio of 5 parts claj'- to 1 part Zephiran, by AA’eight. After various periods of 
time and amounts of agitation, second subcultures were made. The EDw 
concentrations of Zephiran AA'cre calculated by the methods of Reed and Muench 
(1) before and after addition of cla 5 ^ 

It was found that there A\ as a downiA'ard shift in titer of approximately 0.1 
log folloAving the addition of claj’- as opposed to before the addition of clay. 
The same margin of antiseptic certainty aa-rs therefore obtained AA’ith an initial 
concentration of 1:8,000 Zephiran followed bj’- clay as AA-ith 1:10,000 Zephiran 
alone; or AA'ith an initial concentration of 1:5,000 Zephiran followed by clay as 
compared AA'ith 1 : 7,000 Zephiran alone. Since the resulting mixture Avas in any 
case tasteless and nontoxic, it seemed that it aa’-ouM be possible to use almost any 
desired starting concentration of Zephiran and therefore to obtain any desired 
margin of antiseptic certainty. 


DISCUSSION 

Studies preA’^iously cited (2) haA'e indicated the effectiA’-eness of heteropolar 
cationic antiseptics against amebic cysts and bacteria and their relatwe freedom 
from inactwation by^ organic nitrogenous materials and allcalinity’-. Results 
indicated aboA’-e haA’^e demonstrated that treated organisms do not appear to 
“come alwe” Avithin the gastrointestinal tract of the mouse and that these com- 
pounds may be almost quantitatiA^ely inactNated by adsorption on colloidal 
clays. One colloidal clay studied in some detail gaA'-e considerable promise of 
practical usefulness in that it had a high adsorbing capacity, went freely into 
solution from the dry state, and was not objectionable to the taste. 
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Further studies would be required before this method for the emergency 
sterilization of drinking water could be considered ready for human trial. It 
would seem likely that other adsorbing agents might well prove superior to those 
investigated here. On the basis of studies reported elsewhere (3) , it seems proba- 
ble that other antiseptics of this general type might be more advantageous than 
Zephiran, to which our studies were largely confined because of the ease with 
which this compound could be chemically estimated and the large supply of it 
which we had on hand. Further studies should undoubtedly be conducted upon 
the chronic toxicity of cation-clay sediments and upon pharmaceutical methods 
for dispensing sohd clay and solid cation so that they would be consecutively 
released. Numerous uses of these chemicals in the food and dairy industries 
suggest further studies on the reversal of antiseptic action vdthin the intestinal 
tract. 


CONCLUSIONS 

1. Heteropolar cationic antiseptics which are effective against gram-negative 
bacteria and amebic cysts may be removed from solution in a biologically inert 
state by adsorption on colloidal clays. 

2. This adsorption does not significantly reverse the accomphshed antiseptic 
action. 

3. Reversal of germicidal action does not appear to occur within the gastro- 
intestinal tract of the mouse. 
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THE CAUSES OF DEATH ON THE ISTHMUS OF PANAMA* 


Based ox 14,30-1 Autopsies PEnpoRMED at the Board op Health 
Laboratorv Gorgas Hospital, Ancox, Canal Zone, during 
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B. H. KEAN* 
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Causes of death determined by autopsy are among the most reliable of vital 
statistics if the autopsies represent an adequate sample of deaths in the general 
population and if they are done properljL Accurate data as to the causes of 
death in tropical lauds are rarely available because of the scarcity of laboratory 
facilities and because of the difficulty of obtaining permission for autopsy from 
the natives. Isolated reports of indmdual diseases tend to emphasize the 
spectacular rather than the more frequent and more important causes of death. 
It seemed wortlnvhile, therefore, to utilize the unique advantages of this in- 
stitution and compile these data from the records. A brief report based on 
4,806 autopsies during the period 1904-1916 was published locally by Clark (1). 

During the forty year period 1904-1944, 21,000 bodies were received at the 
Board of Health Laboratory, Gorgas Hospital, Ancon, Canal Zone, 68 per cent 
of which were autopsied. (The high autopsy percentage can be explained, in 
part, by the fact that the undertakers, who are members of the personnel of the 
Board of Health Laboratory, obtain permission for autopsies.) The bodies came 
from Gorgas Hospital (knoum until 1927 as Ancon Hospital), Corozal Hospital, 
Colon Hospital, Palo Seco Leper Colony, various Arm}’’ posts. Canal Zone 
dispensaries, and many were coroner’s cases; they represented an adequate 
proportion of all deaths on the Canal Zone. The autopsies were complete, 
including e.xamination of the brain, and histologic sections were prepared. The 
work was done by the dozen pathologists who have been on duty at the laboratory 
under the aegis of the late Dr. Samuel T. Darling, who was Chief of Laboratory 
from 1906 to 1915, and Dr. Lewis B. Bates (now Colonel, Medical Corps, Army 
of the United States), who has been Chief since 1919. Hence there has been a 
considerable degree of consistencj'' in the method of classifjdng the causes of 
death. 

Although these autopsj'’ records provide accurate data as to the causes of 
death on the Canal Zone, when the figures are compared ■with statistics from 
other lands due consideration must be given to the peculiar population groups 
living on the Isthmus. Dui'ing the construction period of the Panama Canal 
thousands of young, healthj’’ Negro laborers were “imported” from the West 
Indies, mostly from the islands of Jamaica and Barbados. After the Canal was 
completed many of these men were employed on a permanent basis. Their 

*The period covered fell somewhat short of 40 years, the exact dates being October 21, 
1904 to November 7, 1943. 

^Major, M.G., A.U.S. Pathologist. 
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.families followed them to the Isthmus or they married locally. These Negroes 
constituted 63.3 per cent of the autopsy series. The native Panamanian, for 
the most part, is a Latin-American mestizo, a mixture of Indian and Spanish 
blood; this group constituted 10.4 per cent of the autopsy series. The United 
States group, contributing 12.7 per cent of the autopsy series, was composed of 
white employees of the Panama Canal who had passed a physical examination, 
and their families, and also military personnel stationed on the Isthmus, (A 
large proportion of white patients who suffer from chronic illnesses return to 
the United States for further treatment or “to die at home.”) All other in- 
dividuals in this series, 13.6 per cent, were classified in a miscellaneous group 
which included Spaniards and Italians who were employed in the early years 
of canal construction, Chinese, Hindus, and many others. 

The foregoing description will serve as an explanation for the preponderance 
of males in the autopsy series. The factor of age must not be disregarded when 
the data are reviewed. It is obvious from the description of the population 
groups that the patients in this series were younger than in most autopsy series. 
However, even correlation of age with causes of death of the various race groups 
would not permit direct comparison of these data with figures from other areas 
because of the many other local factors. 


METHOD 


At the end of each autopsy protocol the pathologist who performed the autopsy 
recorded the cause of death and a number based upon that edition of the Inter- 
national List of Causes of Death in current use. In this study a new number was 
assiped to the recorded cause of death using as a classification the most recent 
edition of The Manual of the International list of Causes of Death (Fifth Revi- 
sion, 1938) (2). In order to demonstrate certain trends in causes of death, the 
autopsies were divided into three equal groups. Group I (1st Third) covers the 
period 190^1917 and mcludes the construction period of the Panama Canal. 

Group II (2nd mrd) covers the period 1917-1931, and Group III (Final Third) 
from 1931 to 1944. 

In reviewmg the data certain principles of this classification must be borne in 
mmd: 


(1) In hating the final cause of death it was the policy of the department to 
employ the fundamental pathological cause of death rather than the terminal 
physiological state ^ For eaample, if the patient had diabetic gangrene of an 

extremity and died ^ acidos^ the cause of death would be listed as diabetes 
mellitus, International List No. 61. 

(2) Contnbutory causes do not appear in these data. For example, if the 
patient had severe hypertensive cardiovascular-renal disease with a terminal 
cerebral hemorrhage, cardiac decompensation, or uremia, the cause of death 

would be recorded as hypertensive cardiovascular-renal disease, International 
List No. 131a. ’ 


(3) Although concepts of some diseases have changed considerably in the 
past forty years, the mdividual protocols were not reviewed with the purpose 
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of reassigning different causes of death. The only assignment was the most 
modern International List number. This was done because four distinct editions 
of the International List with different numbers had been used during the period 
surveyed. For example, International List No. 131b, “other chronic nephritis,” 
includes 490 cases in Groups I and II and only 57 in Group III. If the 490 cases 
had been autopsied more recently, more specific causes of death such as pyelo- 
nephritis, renal arteriolosclerosis, or glomerulonephritis might have been 
assigned. 

(4) The International List number has been omitted for those diseases which 
did not occur in this series. These include, among others, cholera, brucellosis, 
anthrax, tularemia, relapsing fever, Weil’s disease, the typhus diseases, kala- 
azar, and trichinosis. 

(5) Diseases may be concealed in unexpected categories. For example, under 
granulocytosis. International List No. 76a, in table 1 are recorded 7 cases (those 
cases in which the cause of the agranuIoc 3 ’-tosis was not established) . Yet deaths 
in which agranulocytosis followed arsenical therapy are recorded under Inter- 
national List No. 179. 

(6) Certain causes of death represented “imported” cases. For example, the 
three patients who died of plague were seamen who acquired the disease else- 
where; two of the three patients who died of rabies were transients. 

(7) Percentages have been omitted in order to keep the tables as simple as 
possible - and because of indecision as to whether to include stillbirth autopsies 
and deaths during infancy in the calculations. Percentages can be calculated 
with ease for any disease in which the reader may be interested. 

(8) Table 1 can best be understood by those who have had considerable 
experience with the Manual of the International List of Causes of Death or by 
those who consult the volume while reAdewing the tables. Since no perfect 
classification of causes of death is available, no apology for employing this 
system is necessary. 

No attempt will be made to discuss the indimdual diseases, for manj’’ of these 
have been dealt Avith in published articles and others are being anal 3 ’’zed at the 
present time (3). 

Achnoioledgments: The assistance of Anita Larson in the collection and ta- 
bulation of the data was invaluable. Col. Lewis B. Bates provided facilities 
and helpful criticism. 
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TABLE 1 


Summary of caxtses of death 


INT. 

LIST 

NO. 

CAUSE OP DEATH 

TOTAL 

CASES 

WO. IN 

1st 

rapiD 

No-m 

2nd 

THIRD 

NO. IN 
PINAL 

THIRD 

MALES 

PE- 

MALES 

BWI 

PAK. 

USA 

OTH- 

ERS 

1 

Typhoid fever 

202 

166 

24 


B 

25 



■ 

24 

2 

Paratyphoid fever 

3 

1 

2 


■D 

2 



■ 

0 

3 

Plague 

3 

3 

0 


■ 

0 


0 

■ 

2 

6 

Cerebrospinal (menin- 
gococcus) meningitis 

60 

13 

37 

10 

46 

14 

27 



10 

8 

Scarlet fever 

4 


2 

2 

1 

3 


0 

■ 

0 

9 

Whooping cough 

11 


5 

5 

3 

8 



0 

1 

10 

Diphtheria 

25 

8 

10 


16 

9 

18 



0 

11 

Erysipelas 

5 

3 

2 


4 

1 

1 



1 

12 

Tetanus 

23 

16 

6 



3 

19 

0 


4 

13b. 

Tuberculosis of respira- 
tory system 

1,059 

m 

Bi 

H 

756 

303 

730 

159 


140 

14 

Tuberculosis of me- 
ninges and central 
nervous system 

67 

22 

25 

20 

■ 47 

20 

47 

8 

1 

7 

15 

Tuberculosis of intes- 
tines and peritoneum 

34 

19 

■ 

5 


4 

26 

4 

H 

2 

16 

Tuberculosis of verte- 
bral column 

14 

4 

8 

2 

13 

1 

13 

0 

0 

1 

17a 

Tuberculosis of bones 

5 

5 


0 

5 

0 


1 

0 

0 

17b 

Tuberculosis of joints 

3 

0 

2 

1 

1 

2 


1 

0 

0 

18 

Tuberculosis of skin 
and subcutaneous 
tissue 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

19 

Tuberculosis of lym- 
phatic system 

2 

1 

1 

0 

0 

2 

1 

1 

0 

0 

20 

Tuberculosis of genito- 
urinary system 

5 

3 

2 

0 

5 

0 

2 

. 1 

0 

2 

21a 

Tuberculosis of adrenal 
glands 

2 

0 

1 

1 

2 

0 

1 

0 

0 

1 

21b 

Tuberculosis of other 
organs 

3 

2 


1 

3 

0 

2 

1 

0 

0 

22a 

Acute miliary tubercu- 
losis 

243 

161 

66 

16 


53 

199 

24 

■ 

17 

22b 

Other generalized tu- 
berculosis 

293 

216 

68 

9 

232 

61 

252 

19 

■ 


23 

Leprosy 

97 

2 

37 

58 

72 

25 

47 

38 

0 

12 

24a 

Septicemia 

131 

90 

32 

9 


26 

96 

11 


19 

24b 

Pyemia 

85 

67 

16 

2 

71 

14 

63 

5 


13 

24ft 

Gas bacillus gangrene 

1 

1 

C 

C 

1 

0 

1 


0 


25 

Gonococcus infection 

1^ 

S 

S 

3 

HR 

4 

13 


0 

1 

27a 

Bacillary dysentery 

5f 

e 

35 

14 

37 

16 

37 

7 

6 

3 

27b 

Amebic dysentery 

16< 

135 

25 

13 

149 

18 


15 

5 

27 

27c 

Other and unspecified 
forms of dysentery 

9: 

J 85 


5 

73 

4 

26 


6 

0 

11 

28e 

Benign tertio n malaria 


r 

> f 

1 ' 

3 

4 

1 


^■1 

281 

Quartan malaria 



) 

) 

m 

1 

0 

0 

■ 
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TABLE 1 — Continued 


INT. 

LIST 

KO. 

CAUSE OF DEATH 

TOTAL 

CASES 

NO. IN 
1 ST 
THIRD 

NO. IN 
2nd 
THIRD 

NO.» 

riNAL 

THIRD 

HALES 

EE- 

HALE! 

BWI 

PAN. 

USA 

oth- 

ers' 

28c 

Estivo-autumnal ma- 
laria 

467 

322 

74 

71 

37( 

} 9“ 

21, 

5 4 

5 5 

5 152 

2Sd 

Malaria (unqualified 
form) 

17 

14 

a 

C 



i: 



2 

29 

Chagas’ disease 

3 

0 


a 





2 

0 

30a 

Locomotor ataxia 

■ 2 

C 

2 







0 

30b 

General paralysis of the 
insane 

227 

11 

138 

7£ 

197 

3t 

16^ 

2f 

) 2 

35 

30c 

Other sjqjhilis of cen- 
tral nervous system 

5S 

7 

41 

7 

47 

£ 

3J 

t 

] 

13 

30d 

Aneurysm of aorta 
(syphilitic) 

237 

47 

8S 

■ 

202 

31 

20C 

12 

£ 

17 

30e 

Other sj'philis of circu- 
latory system 

\ 

31 

0 

14 

17 

2G 

2 

24 

1 

2 

4 

30f 

Congenital syphilis 

37 

6 

22 

9 

IG 

18 

3C 

6 

■ 

1 

30g 

Other and unspecified 
forms of si'^philis 

118 


68 

■ 

91 

27 

98 

12 

m 

7 

32b 

Vincent’s angina 

1 

■e 

1 

■ 

1 

0 

1 


B 

0 

33a 

Influenza with respira- 
tory complications 
specified 

31 

0 


1 

20 

11 

13 


2 

4 

33b 

Influenza without re- 
spiratory complica- 
tions specified 

25 

2 

15 

8 

14 

11 

17 


■ 

1 

34 

Smallpox 

4 

1 

3 


1 

3 

3 

1 

B 

0 

35 

Measles 

11 

3 

5 

3 

8 

3 

5 

5 

B 

1 

36 

Acute poliomyelitis and 
polioencephalitis 

9 

0 

5 

4 

■ 

2 


2 

7 

0 

37a 

Acute infectious en- 
cephalitis (lethargic) 

2 

■ 

1 

1 

■ 

■ 

1 

■ 

1 

0 

37c 

Encephalitis lethargica 
(unqualified) 

1 

■ 

1 

0 

1 


■ 

1 

0 

1 

SSix 

Yellow fever 

23 

21 


0 

22 

1 

B 

B 

3 

20 

38b 

Babies 

3 

1 

■ 

■ 


■ 

B 

1 

1 

1 

38c 

Herpes zoster 

2 


■ 

■ 


B 

B 

0 

2 

0 

38e 

Chicken pox 

2 


■ 



0 

2 

0 

0 

0 

40 

Ankylostomiasis 

22 


■ 

■ 

20 

2 

8 

5 

0 

9 

41 

Hydatid disease 

3 

3 

0 

■ 


0 

0 

0 

0 

3 

42 

Ascariasis 

7 

0 

4 

3 


■3 

1 

5 

0 

1 

42 

Cysticercosis 

2 

1 

■ 

m 


■ 

2 

0 

0 

0 

42 

Schistosomiasis 

1 

1 


■ 

1 


1 

0 

0 

0 

42 

Strongyloidosis 

,1 

■ 

■ 

■ 

1 

B 

1 

0 

0 

0 

43 

Actinomycosis 

1 

■ 

■ 

H 


B 

1 

0 

0 

0 

43 

Histoplasmosis 

3 

3 

■ 

B 


B 

2 

0 

0 

0 

43 

Thrush 

2 

2 

■ 

B 


B 

2 

0 

0 

0 

43 

Other mycoses 

1 



B 


■ 

1 

0 

0 

0 

44a 

Venereal diseases (ex- 
cept syphilis and gon- 
orrhea) 

5 

4 

1 

1 

1 

4 

5 

■ 

0 

0 
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TABLK l—Coulinurrl 


INT. 

Lm 

S**o. 

CAVir or orATtt 

tfiTAL 

CA*lt5 

im.in 

1 iT 
Tfllftt 

Tntti) 

IH 

ri*uL 

TIfIfD 

WALT? 

rr- 

UAir% 

BKl 

rA'r. 

V5A 

tmt- 

ni 

•ijt) 

IlodpUin’a difionRo 


I 

3 

3 

7 


C 

0 

I 

0 

41d 

Myiasis 


1 

1 


0 

0 

J 

1 

1 

0 

0 

45\) 

Cancer of lonpuo 


1 

4 

5 

10 

0 

5 

1 

1 

3 

45c 

" “ mouth 


0 

1 

C 

c 

1 

4 


3 

0 

45d 

" “ jaw l)ono 



1 

2 

0 

1 

2 

0 

1 

0 

45(' 

“ " unspecified 

parts of l)uccal cavity 

4 

2 

1 

1 

3 

1 

2 

1 



45f 

Cancer of pliarynx 

7 


3 

4 

3 

o 

•i 

0 

o 

1 

4C;i 

Cancer of esoplmpus 

47 

1 

IG 

30 

41 

c 

41 

0 


2 

1Gb 

“ “ Btomacli 

115 

27 

35 

53 

09 

IG 

81 

C 

10 

15 

4Gc 

“ ‘‘ duodenum 

2 

0 

2 

0 

2 


1 

0 


1 

40d 

“ " rectum and 

anus 

12 

1 

■ 

11 

11 

1 

2 

1 

7 

2 

4Gc 

Cancer of intestinca 
(except duodenum 
and rectum 

15 

2 

1 

12 

11 

4 

7 

1 

3 

4 

4Gf 

Cancer of liver and 
biliary paasaRCS 

55 

5 

21 

29 

42 

13 

31 

5 

7 

12 

4Cg 

Cancer of pancreas 

21 


G 

15 

IG 

5 

13 

0 


2 

4jh 

“ “ mesentery 

and peritoneum 

4 

1 

3 

0 

3 

1 

1 

1 


0 

47 a 

Cancer of larynx 



4 

C 


0 

3 

0 


3 

47b 

" ” trachea 

1 

1 

0 

0 

BB 


0 

0 

0 

1 

47 c 

“ “ broncliua 

8 

■ 

2 

c 

5 

3 

5 

B 

3 

0 

47d 

“ “ lung 

17 

B 

7 

10 

13 

4 

9 

B 

5 

3 

47f 

" " mediastinum 

3 

1 




1 

1 

0 

2 

0 

48a 

C( t< 

cervix 

3G 

1 

15 



30 

27 

2 

2 

6 

48b 

“ “ fundus 

19 

2 

9 



19 

IG 

1 


2 

49.\ 

<< H 

ovary 

4 

■ 

1 



4 

1 


1 

2 

4Gc 

“ “ vaRina 

2 

B 

1 

1 


2 

1 

1 


0 

49e 

“ ‘‘ other sites 

G 

0 


1 


G 

4 

1 


1 

50 

“ " breast 

2G 

2 

13 

11 


25 

24 

1 

0 

1 

51a 

“ “ scrotum 

2 

0 

0 

B 


0 

2 

0 

0 

0 

51b 

“ “ prostate 

30 

1 

G 


30 

0 

29 

0 

■ 

1 

51c 

“ “ testes 

1 

0 

0 


1 

0 

1 

0 

B 

0 

51d 

“ “ penis 

3 

1 

2 




0 

0 

B 

1 

62a 

'* " kidney 

3 


3 




1 

1 

B 

1 

52b 

“ “ bladder 

22 


G 


20 

2 


1 

3 

2 

63 

" " skin 

4 


1 

3 

3 

1 

4 

0 

0 

0 

54a 

Glioma of central nerv- 
ous system 

13 

1 

4 

8 

8 

5 

4 

■ 

G 

0 

54b 

Other cancers of centra 
nervous system 

C 

2 

4 

0 

3 

3 

4 

1 

0 

1 

65a 

Cancer of adrenal 

3 

c 

2 

1 

3 


3 


0 

0 

55b 

" “ bone 

C 

3 

2 

1 

0 


c 

B 

0 

0 

55c 

“ “ thyroid 

gland 

1 


0 

1 

1 


0 

1 

0 

1 

65d 

Cancer of nasal cavity 
and accessory sinuses 


1 

1 

2 

4 


2 

■ 

1 

1 

55a 

Cancer of other organs 

64 

17 

24 

23 

62 

12 

45 

4 

4 
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TABLE 1 — Continued 


INT. 

LIST 

NO. 

CAUSE or DEATH 

TOTAL 

CASES 

NO. IK 
1st 

THIED 

NO. IK 
2kd 

THIED 

NO. IN 
FINAL 
THIRD 

KALES 

TE- 

KAIES 

BWI 

PAN. 

USA 

OTH- 

ERS 

66a 

Nonmaligant tumors 
of ovary 

5 

2 



■ 

e 

c 

4 



0 

66b 

Nonmalignant tiimors 
of uterus 


2 



■ 

10 

9 

c 


1 

66d 

Nonmalignant tumors 
of central nervous 
system 

15 

1 

8 

6 

11 

4 

9 

1 

4 

1 

66e 

Nonmalignant tumors 
of other organs 

6 

1 



5 

1 

4 

c 

2 

0 

67d 

Unspecified tumors of 
central nervous sys- 
tem 

3 



0 

2 

1 

1 

0 

1 

1 

68b 

Acute rheumatic endo- 
carditis 

2 


0 

2 

2 

0 

0 

0 

2 

0 

58c 

Acute rheumatic myo- 
carditis 

2 

1 

■ 

1 

1 

1 

2 

0 


0 

58d 

Other acute rheumatic 
heart diseases 

8 

■ 

■ 

■ 

2 

6 

6 

1 

1 

0 

68e 

Other forms of acute 
rheumatic fever 

1 


0 

1 

1 

0 

1 

0 

■ 

0 

60 

Gout 

1 


■1 

■E 

0 

1 

1 

0 

■ 

0 

61 

Diabetes mellitus 

68 




29 

39 

57 

1 

4 

c 

62 

Diseases of pituitary 
gland 

2 

1 

1 


1 

1 

1 

0 

■ 

0 

62b 

Exophthalmic goiter 

6 

0 

■ 

Ik 

1 

5 

4 

0 


1 

62d 

Other diseases of thy- 
roid glands 

1 

1 

0 


0 

I 

0 

1 

■ 

0 

64 

Eijeascs of thymus 

13 

3 

2 

8 


7 

8 

3 

2 

0 

62b 

Diseases of adrenal 
glands (except Addi- 
son’s disease) 

2 


0 

2 


0 

1 

1 

1 

0 

66b 

Other general diseases 

6 

0 


3 



5 


■ 

0 

67 

Scurvy 

2 

2 

0 

0 


0 

o 


■ 

0 

68 

Beriberi 

20 

12 


1 

18 


10 

2 


8 

69 

Pellagra (except alco- 
holic) 

91 

34 

54 


17 

74 

87 

■ 

1 

3 

70 

Rickets 

S 

1 

5 


6 

2 

7 

■ 


1 

72a 

Primary purpuras 

7 

2 

3 


6 

1 

3 

1 

2 

1 

72b 

Hemophilia 

6 

1 

4 


5 

1 

3 

1 

2 

0 

73a 

Pernicious anemia 

3 

1 

1 

1 

2 

1 

2 

0 

0 

1 

73b 

Other hyperchromic 
ancmifiB 

1 

1 


0 

1 


1 

0 

0 

0 

73c 

Hypochromic anemias 

3 

1 


2 

3 

o' 

2 

1 

0 

0 

73d 

Other anemias (includ- 
ing sickle cell anemia) 

53 

19 

19 

15 

31 

22^ 

40^ 

t 

1 

5 

74a 

liCukcmias 

27 

5 

IS 

9 

22 

51 

loj 



9 

74b 

Aleukemias 

1 

0 


1 

ij 


o; 


ll 

0 

75a 

Splenic anemia 

3 

0 


1 

S 

I 


o! 



0 
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TABLE l—Conlinvcd 


INT. 

LIST 

NO. 

CAUSE OF DEATH 

TOTAL 

CASES 

NO. IN 
1st 

THIRD 

NO. IK 

2nd 

THIRD 

NO, IN 
FINAL 
THIRD 

MALES 

FE- 

MALES 

DWI 

TAN. 

USA 

OTH- 

ERS 

75b 

Splenomegaly (of unde- 
termined nature) 

5 

0 

3 

2 

5 

0 

1 


1 

1 


Other diseases of spleen 

6 

4 

1 

1 

5 

1 

4 


1 

1 


Agranulocytosis 

7 


3 

4 

6 

1 

0 

1 

5 

1 

77b 

Deficiency states associ- 
ated with alcoholism 
(except pellagra) 

11 

9 

0 

2 

7 

4 

8 

■o 

1 

2 

77c 

Acute alcoholism 

23 



12 

21 

2 

4 

2 

11 

6 

77d 

Chronic alcoholism 

13 



■ 

12 

1 

5 

0 

8 

0 

77e 

Alcoholism, type (un- 
specified) 

13 



■ 

12 

1 

2 

1 

c 

4 

78a 

Lead poisoning (occu- 
pational) 

2 


1 

1 

2 

0 

2 

0 

■ 

0 

78b 

Lead poisoning (nonoc- 
cupational) 

1 


1 

0 

1 

0 

0 

0 


1 

79b 

Chronic mercurj’’ poi- 
soning 

1 


0 

1 

1 

0 

1 

0 

■ 

0 

80a 

Intracranial abscess 

18 


■ 


15 

3 

12 

0 

4 

2 

89b 

Other encephalitis (non- 
epidemic) 

23 


■ 

9 

14 

9 

15 

1 

5 

2 

81a 

Simple meningitis (not 
due to meningo- 
coccus) 

181 

83 

54 

44 

139 

42 

127 

25 

9 

20 

82 

Diseases of spinal cord 

16 

5 

6 

5 

10 

6 

6 

3 

3 

4 

S3a 

Cerebral hemorrhage 

270 

45 

93 

132 

190 

SO 

179 

16 

42 

33 

83b 

Cerebral embolism and 
thrombosis 

29 

5 

0 

18 

24 

5 

22 

1 

4 

2 

83c 

Cerebral softening 

101 

28 

36 

37 

67 

34 

78 

8 

6 

9 

83d 

Hemiplegia and other 
paralysis of unspeci- 
fied origin 

5 


2 

3 

3 

2 

4 

1 

0 

0 

84a 

Mental deficiency 

7 

1 

4 

2 

6 

1 

4 

3 

0 

0 

84b 

Schizophrenia 

24 

5 

12 

7 

16 

8 

9 

6 

1 

8 

84c 

Manic-depressive psy- 
chosis 

8 

2 

5 

1 

4 

4 

5 

1 

1 

1 

84d 

Other mental diseases 

25 

18 

5 

2 

13 

12 

19 

3 

0 

3 

85 

Epilepsy 

23 


15 

6 


6 

9 

■ 


4 

86 

Convulsions (—5 years) 

10 


6 

2 


5 

6 

■ 


1 

87c 

Paralysis agitans (ex- 
cept result of ence- 
phalitis) 

3 

0 

1 

2 


0 

2 

0 


0 

87d 

Disseminated sclerosis 

4 

1 

1 

2 


2 

3 

1 

0 

0 

87e 

Other diseases of nerv- 
ous system 

10 

3 

1 

6 


4 

6 

3 

1 

0 

88 

Diseases of organs of 
vision 

2 


1 

1 


1 


1 

0 

1 

89a 

Otitis and other dis- 
eases of ear 

51 


15 

26 

30 

21 

36 

11 

■ 

2 

S9b 

Dist ases of mastoid 
process 




3 

5 

4 

3 

1 

I 

3 
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TABLE 1 — Continued 


INT. 

LIST 

KO. 

CAX3SE or CEATK 

TOTAL 

CASES 

1 st 

THIED 

1 KO.IN 
2nd 

THI3U) 

NO.I> 

rtNAi 

THIM 

1 

HALES 

TE- 

HALE 

s 

PAN 

USA 

t 

OTH^ 

^ERS 

90b 

Pericarditis (not rheu- 
matic) 

34 

2£ 


r 

2f 


3 2^ 

1 

0 

2 8 

91a 

Bacterial endocarditis 
(except rheumatic) 

71 

14 

25 

35 

5( 

1' 

1 4c 


2 1 

7 9 

91b 

Other acute or subacute 
endocarditis (except 
rheumatic) 

20 

S 

1C 

5 

IS 


1 If 

> I 

2 

0 

91c 

Other endocarditis, un- 
specified (—45 years) 

2 

0 

2 

C 

1 


5 


) ( 

0 

92a 

Diseases of aortic valve 
(without mention of 
rheumatic fever) 

28 

4 

17 

7 

26 

5 

If 


I 

6 

92b 

Diseases of mitral valve 

10 

2 

3 

e 

7 

•i 

e 


) J 

1 

92c 

Diseases of other 
valves, rheumatic 

5 

0 

2 

< 

c 

5 

( 

0 


3 

1 

92d 

Diseases of other valves 
(not specified as rheu- 
matic) 

27 

2 

12 

13 

22 


16 

c 

4 

7 

93a 

Acute myocarditis (ex- 
cept rheumatic) 

22 

2 

11 

S 

15 

7 

12 

e 

4 

0 

93b 

Myocarditis (not speci- 
fied as rheumatic) 
(—45 years) 

10 

1 

8 

1 

7 

3 

7 

c 

1 

2 

93c 

Chronic myocarditis, 
rheumatic 

2 

0 

0 

2 

2 

0 

1 

0 

1 

0 

93d 

Chronic myocarditis 
(not specified as 
rheumatic) 

27S 

6 

48 

224 

193 

85 

213 

7 

38 

2 

93e 

Other myocarditis, un- 
specified (-f 45 years) 

7 

0 

4 

3 

6 

1 

4 

0 

1 

2 

94a 

Diseases of coronary 
arteries 

216 

' 6 

35 

175 

186 

30 

65 

6 

117 

28 

94b 

Angina pectoris 

10 

3 

6 

1 

8 

2 

2 

0 

6 

2 

95b 

Other diseases of heart, 
rheumatic 

7 

0 

6 

1 

5 

2 

4 

1 

2 

0 

95c 

Other diseases of heart 
(not specified as 
rheumatic) 

277 

139 

73 

65 

230 

47 

207 

14 

IS 

41 

96 

Aneurj^sm 

42 

3 

6 

33 

35 

7 

IS 

2 

12 

10 

97 

Arteriosclerosis 

108 

23 

36 

49 

75 

33 

73 

15 

6 

14 

98 

Gangrene 

9 

3 

5 

1 

8 

1 

S 

0 

0 

1 

99 

Other diseases of ar- 
teries 

10 

2 

3 

5 

8 

2 

4 

0 

5 

1 

100a 

Varices 

2 

0 

1 

1 

2 

0 

1 

0 

0 

1 

100b 

Other diseases of veins 

4 

1 

2 

1 

4 

0 

4 

0 

0 

0 

101 

Lymphadenitis, nonve- 
nereal 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

102 

Hypertension 

1 

0 

1 

0 

0 

1 

0 

1 

0 

0 

103 

Other diseases of circu- 
latory system 

4 

1 

3 

0 

3 

1 

4 

0 

0 

0 
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TABLE 1 — Continued 


IKT. 

UST 

KO. 

CAUSE or OEATO 

TOTAL 

CASES 

KO. IN 

1st 

THIRD 

KO. IN 

2kd 

THUD 

NO. IN 
riNAL 
THIRD 

UAIX5 

rn- 

UALES 

BWI 

PAN. 

USA 

OTH- 

ERB 

104a 

Diseases of nasal fossae 

3 

0 

3 

0 


1 


0 

0 

1 

104b 

Diseases of accessory 
sinuses 

26 

1 

10 

15 

21 

5 




4 

105 

Diseases of larynx 

8 

2 



7 

1 




0 

lOGa 

Bronchitis, acute 

G 

2 


2 

4 

2 



0 

1 

106b 

“ chronic 

9 

3 


5 

6 

3 




1 

106c 

“ unspecified 

2 

1 

1 


2 


1 

0 

0 

1 

107 

Bronchopneumonia 

358 

IIG 


117 

24G 

112 

232 

62 

K 

40 

108 

Lobar pneumonia 

1,011 

728 


79 


72 

736 


BE 

154 

llOa 

Empyema 

47 

IG 

18 

13 

38 

9 


G 

K 

8 

110b 

Other forms of pleurisy 

15 

8 

2 


11 

4 

11 

1 

1 

2 

111a 

Hemorrhagic infarction 
and thrombosis of 
lungs 

7 

0 

1 

1 

4 

3 

G 

■ 

1 

0 

mb 

Acute edema of lungs 

2 

1 

0 

1 

1 

1 

2 


0 

0 

111c 

Chronic and unspeci- 
fied congestion of 
lungs 

8 

2 

■ 

2 



4 

1 


2 

112 

Asthma 

8 

1 


4 



3 



2 

113 

Pulmonary emphysema 

3 

2 


1 



1 

1 

0 

1 

114c 

Gangrene of lung 

68 

47 


5 

53 


37 

11 


18 

114d 

Abscess of lung 

27 

11 

^B 

11 

22 


18 

1 

K 

5 

114e 

Other diseases of re- 
spiratory system 

10 

■ 


3 

B 


3 

2 

■ 

3 

115a 

Diseases of teeth and 
gums 

3 

1 

0 

2 

I 

0 

3 


0 

0 

115b 

Septic sore throat 

5 



1 


2 

2 


2 

1 

115c 

Diseases of pharynx 
and tonsils 

15 

■ 


7 

13 

2 

6 

1 

6 

2 

115d 

Diseases of other parts 
of buccal cavity 

16 

8 

1 

1 

9 

7 

12 

1 

1 

2 

116 

Diseases of esophagus 

6 

2 

H 

1 


1 

5 

0 

1 

■a 

117a 

Ulcer of stomach 

22 

1 

9 

12 


2 

14 

0 


mi 

117b 

“ “ duodenum 

81 

22 

26 

33 

H 

7 

54 

1 



118 

Other diseases of stom- 
ach (except cancer) 

5 

2 

2 

1 

■ 

■ 

2 

2 


1 

119a 

Diarrhea and enteritis 
(—2 years) 

173 

76 

68 

29 

88 

85 

135 

18 

13 

7 

119b 

Ulceration of intestines 
(except duodenum) 
(—2 years) 

9 

3 

2 

4 

5 

4 

5 

4 


0 

120a 

Diarrhea and enteritis 
(-f2 years) 

45 

25 

11 

9 

32 

13 

33 

9 

1 

2 

120b 

Ulceration of intestines 
except duodenum (-f5 
years) 

[ 

20 

11 

2 

7 

14 

6 

15 

■ 

3 

2 

121 

Appendicitis 

79 

9 

39 

31 

68 

11 


2 

27 

20 

122a 

Hernia 

32 

7 

11 

14 

29 

3 

19 

2 

4 

7 
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TABLE 1 — Continued 


INT. 

LIST 

NO. 

CAUSE or DEATH 

TOTAL 

CASES 

NO. IN 

1st 

THIRD 

NO. IN 
2kd 
THIRD 

No. IN 
tinal 

THIRD 

r 

males 

FE- 

MALE 

, BWI 

PAN. 

USA 

OTH- 

ERS 

122b 

t 

Intestinal obstruction 

54 

IS 

17 

If 

35 

1. 

3 3 


5 

9 9 

123 

Other diseases of intes- 
tines 

30 

s 

12 

■ 

It 

1^ 

2! 

1 A 

2 

4 2 

124a 

Cirrhosis of liver (with 
mention of alco- 
holism) 

1 

0 

0 

1 

1 

( 

( 

( 


0 

124b 

Cirrhosis of liver (with- 
out mention of alco- 
holism) 

60 

13 

24 

23 

51 

C 

34 

2 

If 

9 

125a 

Acute yellow atrophy 
of liver (nonpuer- 
peral) 

14 

2 

4 

8 

10 

4 

6 

1 

2 

5 

125b 

Other diseases of liver 

26 

10 

8 

8 

21 

5 

14 

1 

4 

7 

126 

Biliary calculi 

18 

2 

6 


11 

7 

7 

2 

4 

5 

127a 

Cholecystitis 

10 

4 

2 

4 

9 

1 

4 

1 

1 

4 

127b 

Other diseases of gall- 
bladder and biliary 
ducts 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

128 

Diseases of pancreas 
(exxcpt diabetes mel- 
litus) 

16 

2 

9 

5 

13 

3 

5 

0 

6 

5 

129 

Peritonitis (cause not 
stated) 

48 

20 

19 

9 

30 

18 

37 

4 

2 

5 

130 

Acute nephritis 

92 

47 

28 

17 

75 

■E 

66 

8 

7 

11 

131a 

Arteriosclerotic kidney 

95 

9 

6 


79 


80 

2 

5 

8 

131b 

Other chronic nephritis 

547 

282 

208 

67 

433 


454 

35 

15 

43 

132 

Nephritis unspecified 
(10 years -f) 

7 

2 

4 

1 

5 

■ 

4 

1 

1 

1 

133a 

Pyelitis, pyelonephritis 
and pyelocystitis 

89 

36 

31 

22 

59 

30 

67 

9 

3 

10 

133b 

Other diseases of kid- 
neys and ureters 

55 

20 

23 

12 

36 

19 

35 

4 

5 

11 

134a 

Calculi of kidneys and 
ureters 

11 

2 

4 

5 

10 

1 

6 

0 

5 

0 

134b 

Calculi of bladder 

4 

1 

2 

1 

3 

■ 

2 

0 

1 

1 

135a 

Cystitis 

7 

3 

2 

2 

7 

■ 

4 

0 

2 

1 

136a 

Stricture of urethra 

39 

15 

9 

15 

39 

■ 

32 

1 

1 

5 

136b 

Other diseases of ure- 
thra 

6 

3 

2 

1 

6 

0 

6 

1 

■ 

0 

137a 

Hypertrophy of pros- 
tate 

21 

0 

10 

11 

21 

■ 

17 

■ 

■ 

3 

137b 

' Other diseases of pros- 
tate 

11 

1 

5 

5 

■ 

■ 

6 

1 

2 

2 

138 

Diseases of other male 
genital organs (non- 
venereal) 

6 

3 

1 

2 

6 

0 

3 

0 

1 

2 
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TABLE l^Continucd 


INT. 

LIST 

NO. 

CAUSE OF DEATH 

TOTAL 

CASES 

NO. IN 

1st 

THIRD 

NO. IN 

2nd 

THIRD 

NO. IN 
FINAL 
THIRD 

UALES 

FE- 

MALES 

BWI 

FAN. 

USA 

OTH- 

ERS 

139a 

Diseases of ovaries, fal- 
lopian tubes and 
parametria 

22 

G 

1 

10 

6 

i 

0 

21 

IS 

0 

0 

4 

139b 

Diseases of uterus 

4 

1 

3 

0 

0 

4 

4 

0 

0 

0 

139c 

Diseases of other fe- 
male genital organs 

3 

■ 

2 

0 

0 

3 

3 

0 

0 

0 

140b 

Abortion (—28 weeks) 
with mention of infec- 
tion other than pye- 
litis 

4 

1 

1 

1 

0 

4 

3 

0 

0 

1 

141a 

Abortion (—28 weeks) 
with hemorrhage, 
trauma, or shock, and 
toxemia 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

141b 

Abortion (—28 weeks) 
with hemorrhage, 
trauma, or shock, but 
not toxemia 

2 

0 

0 

2 

0 

2 

2 

0 

0 

0 

141d 

Abortion (—28 weeks) 
without hemorrhage, 
trauma, shock, or 
toxemia 

2 

0 

2 

0 

0 

i 

2 

2 

0 

0 

0 

142b 

Ectopic gestation with- 
out mention of infec- 
tion 

9 

3 

4 

2 

0 

9 

7 

2 


0 

143b 

Premature separation 
of placenta (death be- 
fore delivery) 

1 

1 

0 

0 

0 

1 

0 

0 


1 

144a 

Eclampsia of pregnancy 
(death before de- 
livery) 

6 

3 

3 

0 

0 

6 

3 

3 


0 

144b 

Albuminuria and ne- 
phritis of pregnancy 
(death before de- 
livery) 

2 

0 

1 

1 

0 

2 

2 

0 

1 

0 

144d 

Other toxemias of preg- 
nancy (death before 
delivery) 

16 

■ 

8 

1 

0 

16 

13 

3 

■ 

0 

145 

Other diseases and acci- 
dents of pregnancy 
(death before de- 
livery) 

3 

1 

2 

0 

0 

3 

3 

0 

0 

0 

146a 

Placenta praevia (with 
childbirth) 

2 

■ 

0 

■ 

0 

2 

■ 

0 

n 

1 

146b 

1 Premature separation 
of placenta (with 
childbirth) 

2 

1 0 

1 

1 

0 


1 

0 

1 

0 
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TABLE 1 — Continued 


IKT* 

LIST 

KO. 

CAUSE OF DEATH 

TOTAL 

CASES 

KO.ll 

1st 

THtRE 

^ KO.l] 

2nt> 

► THlRi: 

^ NO, i: 

riNAi 
» THIRI 

4 UALES 
> 

FE- 

MALE 

s 

PAN 

USA 

OTH- 

ERS 

146c 

Other hemorrhages of 
childbirth and the 
puerperium 

e 

i ] 

1 ; 

5 1 

J ( 

} ( 

3 i 

1 

1 

D 0 

147b 

General or local puer- 
per.al infection (ex- 
cept pj'elitis) 


t If 

i £ 

) f 

1 ( 

) 3( 

) 2: 

i 1 

B ( 

) 1 

148a 

Puerperal eclampsia 

IS 

1 c 

> 11 

L 2 


) 1! 

) i( 

3 ; 

3 ] 

1 5 

14Sb 

Puerperal albuminuria 
and nephritis 

4 

r 

! 2 

! C 

) f 

) 4 

1 < 

i ( 

H 

) 0 

149a 

Trauma of pelvic organs 
(of childbirth) 

7 

1 

£ 

i 1 


) i 

' 2 

2 t 

11 

I 0 

151 

Carbuncle and furuncle 

14 

3 

3 

8 

1 12 

1 2 

1 r 

1 2 

! 7 

2 

152 

Phlegmon and acute 
abscess 

34 

■ 

IS 

9 

23 

11 

22 

! 6 

i 2 

4 

153 

Other diseases of skin 
and cellular tissue 


■ 

7 

2 

4 

6 

6 

1 2 

! 1 

1 

154a 

Osteomyelitis and peri- 
ostitis, acute 

5 

0 

5 

0 

4 

1 

3 

2 

■ 

0 

154b 

Osteomyelitis and peri- 
ostitis, chronic 

14 

4 

7 

3 


4 

9 

4 

1 

1 

155 

Osteopetrosis 

1 

0 

0 

1 

1 

0 

1 



0 

156a 

Diseases of joints (ex- 
cept tuberculosis and 
rheumatism) 

9 

5 

3 

1 

7 

21 

7 

1 

1 

2 

156b 

Acute myositis 

1 

1 

0 

0 

1 

0 

1 

0 


0 

157a 

Congenital hydroceph- 
alus 

13 

■ 

8 

5 

8 

5 

8 

2 

3 

0 

157b 

Spina bifida and menin- 
gocele 

■ 

■ 

0 

3 

■ 

2 

0 

0 

3 

0 

157c 

Anencephalus 


1 

0 

0 


1 

1 

0 


0 

157d 

Other congenital mal- 
formations of central 
nervous system 

H 

1 

3 

2 

3 

3 

6 


1 

0 

157e 

Congenital malforma- 
tions of heart 

61 

3 

27 

31 

35 

26 

41 

8 

6 

6 

157f 

Other congenital mal- 
formations of the car- 
diovascular system 

2 

0 

0 

2 

2 

0 

1 

0 

1 

0 

157g 

Congenital malforma- 
tions of digestive 
system 

15 

1 

6 

S 

11 

4 

8 

■ 

5 

1 

157h 

Congenital malforma- 
tions of genito-uri- 
nary system 

4 

0 

1 

3 

4 

0 

2 

I 

1 

0 

157m 

Other congenital mal- 
formations 

29 

5 

IS 

6 

16 

13 

20 

H 

2 

0 

158 

Congenital debility 

(—1 year) 

277 

46 

B 

31 

155 

122 

249 

E 

II 

4 
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TABLE 1 — Continued 


IKT. 

LIST 

NO. 

CAUSE OF DEATH 

TOTAL 

CASES 

NO. IN 
1st 
THIRD 

NO. IN 

2kd 

THIRD 

NO. IN 
FINAL 
THIRD 

WALES 

FE- 

UALCS 

BWI 

PAN. 

USA 

OTH- 

ERS 

159 

Premature birth 

214 

16 

79 


115 

99 

141 

26 

36 

11 

160a 

Intracranial or spinal 
hemorrhage (—1 

month) 

62 

4 

13 

35 

30 

22 

28 

17 

1 

2 

160b 

Other intracranial or 
spinal injuries at 
birth (—1 year) 

3 

0 

1 

2 

2 

1 

1 


1 

0 

160c 

Other injuries at birth 
(-1 year) 

18 

1 

7 


13 

5 

13 

3 

1 

0 

161a 

Atelectasis (—1 year) 

34 

0 

13 

21 

22 

12 

25 

5 

B 

0 

161b 

Infection of umbilicus; 
pemphigus, sepsis 
(—1 year) 


■ 

9 


7 

3 

7 

3 

0 

0 

161c 

Other speci6ed diseases 
(—1 year) 



25 

27 

38 

16 

41 

9 


1 

162a 

Senility with dementia 

3 

0 


3 

1 

2 

1 

^■1 

0 

1 

162b 

Senility without men- 
tion of dementia 

8 

4 

2 

2 

5 

3 

5 


0 

1 

163 

Suicide by poisoning 

35 

3 

8 

24 

19 

16 

5 


20 

7 

134a 

“ “ hanging 


2 

7 

21 

28 

2 

5 


13 

9 

i64b 

“ “ drowning 

19 

2 

8 

9 

14 

5 

6 

0 

9 

5 

164c 

“ “ firearms 


3 

33 

84 

117 

3 

2 

3 

95 

20 

164d 

“ “ cutting in- 

struments 

12 

1 

6 

5 

11 

1 

2 

2 

3 

5 

164e 

Suicide by jumping 

6 


2 

3 


0 

1 

■ 

4 

0 

164f 

“ “ crushing 

2 



2 


0 

1 

B 

1 

0 

166 

Homicide by firearms 


2 

14 

24 

38 


7 

1 

23 

9 

167 

“ “ cutting 

instruments 

25 

9 

7 

9 

23 


6 

4 

6 

9 

168 

Homicide by other 
means 

35 

11 

12 

12 

33 


10 

2 

B 

12 

169 

Railway accidents 

154 


13 

39 

148 


75 

9 


47 

170c 

Automobile accidents 

227 

3 

■ 

184 

211 


64 

44 


33 

170d 

Motorcycle “ 

6 

1 


5 

6 


0 



1 

171a 

Streetcar “ 

2 

0 

B 

2 

2 


0 

B 


0 

171b 

Other road-transport 
accidents 

5 

0 

3 

2 

4 

B 

1 

■ 

B 

0 

172 

Water-transport acci- 
dents 

89 


■ 

76 

85 

4 

22 

15 

27 

25 

173 

Air -transport accidents 

13E 



122 

134 

1 

2 

1 

129 

3 

174 

Accidents in mines and 
quarries 

1C 


11 

2 

10 

0 

5 

2 

1 

2 

176 

Other accidents involv- 
ing machinery 

2{ 



18 

28 


15 

3 

6 

4 

177 

Food poisoning 



0 

2 



1 

1 

0 

0 

178 

Accidental absorption 
of poisonous gas 

■ 



0 

■ 


2 

0 

0 

0 

179 

Accidental poisoning 
by solids or liquids 

5( 


26 

21 

40 

10 

26 

2 

17 

5 
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TABLE 1 — Concluded 


XKT, 

LIST 

NO, 

CAXJSL or DEATA 

TOTAL 

CASES 

No.n 

1ST 

THIRt 

NO. 1 

2ki> 

» TOXRI 

« NO. 1 
nNAi 
> TniBi 

K 

L MALES 
) 

rz» 

MALE 

s 

PAN. USA 

OTH- 

ESLS 

181 

Accidental burns 

4' 

7 11 

5 1’ 

7 1 

5 3 

1 1 

6 2 

1 111 

9 6 

182 

Accidental mechanical 
sufTocation 


1 

) 

? 

Q 

2 

1 

1 1 

0 1 

183 

Accidental drowning 

24* 

11 

7( 

16( 

1 23i 

5 

9 5 

9 31 10 

2 55 

184 

“ injury by 

firearms 

5S 

{ 

12 

3' 

1 4' 


3 1 

1 5 3 

2 4 

1S5 

Accidental injury by 
cutting instruments 

< 

i. 

J c 

] 



i 


1 3 

3 1 

18Ca 

Accidental fall 

154 

2^ 

4S 

T 

14f 


9 5 

1 16 6 

33 

lS6b 

" erushing 

72 

3£ 

14 

2- 

7] 


2 3; 

2 10 

24 

188 

Injury by animals 

1C 

4 

4 


It 


) 

1 0 

1 

1S9 

Hunger or thirst 

1 

C 

1 

( 

1 

( 


0 ( 

0 

191 ' 

Excessive heat 

7 

0 

1 

c 

7 

C 


1 4 

1 

192 

Lightning 

7 

0 

1 

e 

7 

C 

2 

3 1 

0 

193 

Accidents due to elec- 
tric currents 

21 

5 

4 

12 

21 

c 

4 

1 14 

2 

194 

Poisoning by venomous 
animals (snakes) 

5 

0 

3 

2 

5 

c 

1 

1 1 

2 

195a 

Sequelae of immuniza- 
tion inoculation or 
vaccination 

1 

0 

1 

0 

1 

0 

0 

1 0 

0 

195b 

Other medical or surgi- 
cal accidents 

13 

4 

5 

4 

8 

5 

11 

1 1 

0 

195c 

Neglect of newborn 

2 

0 

1 

1 

0 

2 

2 

0 0 

0 

195d 

Obstruction, suffoca- 
tion, or puncture by 
ingested objects 

10 

2 

4 

4 

7 

3 

3 

1 2 

4 

195e 

Other accidents 

126 

67 

36 

33 

120 

6 

56 

8 27 

35 

198 

Legal executions 

4 

0 

4 

0 

4 

0 

2 

1 0 

1 

199 

Sudden death 

1 

1 

0 

0 

1 

0 

1 

0 0 

0 

200a 

Ill-defined 

126 

65 

48 

12 

92 

33 

84 

13 6 

22 

200b 

Found dead (cause un- 
known) 

3 

1 

0 

2 

3 

0 

1 

2 0 

0 

200c 

Unknown 

136 

66 

41 

29 

101 

35 

78 

10 8 

40 

Total 

13,687 

4,758 

4,451 

4,478 

10,539 

3,148 

3,677 

1,3621,7471 

,901 


Stillbirth due to acci- 
dent of pregnancy 

88 

1 

46 

41 

55 

33 

43 

20 15 

10 


Stillbirth due to acci- 
dent of labor 

94 

0 

47 

47 

46 

48 

64 

16 8 

6 


Stillbirth due to disease 
of mother 

87 

2 

33 

52 

48 

39 

48 

23 11 

5 


Stillbirth, cause imde- 
termined 

302 

10 

157 

135 

165 

137 

188 

60 31 

23 


Nonviable fetus 

46 

0 

34 

12 

26 

20 

25 

8 10 

3 

Total Btillbirths 

617 

13 

317 

287 

340 

277 

368 

127| 75 

47 

Grand total 

l4,304 4 

t,771 4 

,7684 

,7651 

0,879 3 

,425 9 

,045 1 

,4S9|l,8221, 

948 

1 
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TAUI.K 2 


.^foifl important musts nj iltath 




tOTAL 


BBfl 




! 2, -597 

‘ 88.', 

7G3 

S-59 


1,026 






ss:, 






•503 






ISl 






i 

l,.S2i 

3.36 

•538 

1,0.30 



1,731 

748 

612 

371 

finnhidincr cninvcinnl 


1,-51C 


357 

209 



707 


375 




C33 


217 




CG2 

! 

■ 

2A7 

— 

(—1 year exclusive of congenital mal- 
formations and slillbirlhs) 


n 

Total 


9,472 

3,085 

3,098 

3,289 




TABLE 3 


Deaths due to “Tropieal" diseases 



TOTAl. 

1st Trntfi 

IKD Ttl!*» 

nwAL niitu 

Malaria (all forms) 

492 

33S 

79 

75 

Dysentery 

313 

220 

58 

29 

Typhoid and paratyphoid fever 

205 

167 

26 

12 

Leprosy 

97 

2 

37 

5S 

Yellow fever 

23 

21 

2 

0 

Ankylostomiasis 

22 

IS 

3 

1 

Ascariasis 

7 

0 

4 

3 

Plague 

3 

3 

0 

0 

Rabies 

3 

1 

n 

o 

Chagas’ disease i 

3 

0 

0 

3 

Hydatid disease 

3 

3 

0 

0 

Histoplasmosis 

3 

3 

0 

0 

Cystieercosis 

2 

1 

1 

0 

Schistosomiasis 

1 

1 

0 

0 

Actinomycosis 

1 

0 

0 

1 

Total 

1,178 

7S4 

210 

184 


REFERENCES 
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AN ATTEMPT AT ACTIVE IMMUNIZATION WITH PLASMODIUM 

VIVAX IQLLED IN VIVO* 

MARK F. BOYD and S. F. KITCHEN 
Station for Malaria Research, Tallahassee, Florida 

It is now well kno\Mi that convalescence from a^ untreated attack of vivax 
malaria is in part at least attributable to the acquirement of a very potent im- 
munity to the strain of parasite which induced the attack, and we have shown 
(Boyd and IQtchen, 1943) that the level of immunity in such convalescents can 
be still further raised by a series of subsequent reinoculations with the homologous 
parasite. Indeed a level may be attained where the individual is able to with- 
stand and promptl}’’ destroy doses of parasites many million times greater than 
the minimal number necessary to infect a fully susceptible person, and may vdth 
propriet}’’ then be regarded as hyperimmune. One of us has also discussed the 
criteria that may be used for the interpretation of the susceptibility status of 
persons naturally inoculated with vivax malaria (Boyd, 1942), with special 
reference to reactions indicative of homologous or heterologous immimity. 

In \dew of these circumstances, it is important to ascertain whether there 
is any possibility that active immunization may be stimulated by the ad- 
ministration of killed parasites. The attainment of such an objective offers 
many practical difficulties, not the least of wffiich arise from possible post-mortem 
alterations in the composition of the parasites, as well as the presence in the in- 
ocula of normal and parasitized erythrocytes or of material derived therefrom. 
Consideration of the problem led to the conclusion that the simplest approach 
might be afforded by the inoculation of graded doses of fresh parasitized blood 
into prepared patients, w'hose blood, prior to inoculation, had been saturated 
wdth a plasmodicidal drug. The parasites thus introduced, being fresh and liv- 
ing, wmuld not have their composition altered in any fashion, and their prompt 
destruction in the saturated plasma of the recipient, should permit their bodies 
to exercise to the maximum any potential antigenic properties they might exert. 
Our own experience (Boyd, 1943) confirms the well-known fact that vivax 
infections induced by trophozoites are readily eradicated by plasmodicidal drugs. 

Two presumably susceptible patients (B-3104 and B-3106) were, under 
the conditions described belowq given three full therapeutic courses of 
quinacrine hydrochloride, the first beginning on June 13, 1945, the second on 
August 6, 1945, and the third on September 30, 1945. On the first day the pa- 
tients received a total of 0.4 grams of the drug in divided doses, on the second 
daj’’ a total of 0.6 grams similarly given, and for ten days thereafter 0.3 grams in 
daily undivided doses, until they had received a total of 4.0 grams. On the 
fourth day of each course they wme intravenously inoculated wdth blood con- 

* The studies and obsen^ations on which this paper is based were conducted with the sup- 
port and under the auspices of the International Health Division of The Rockefeller Foun- 
dation, in cooperation with the Florida State Board of Health and the Florida State Hospi- 
tal. 
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taining living parasites of the McCoy strain of Plasmodium vivax, as shown in the 
followng schedule: 




11-3104 

1 

1 


0-3106 


Course 

1st 

1 2nd 

3rd 

1st 

2nd 

3rd 

Total gm. quinacrine adminis- 
tered before inoculation 

1.4 

i 

1.4 

1.4 

1.4 

1.4 

1.4 

Donor inoculum, patient no.. . 

635 

639 

64S 

635 

639 ! 

648 

Volume heparinized blood ad- 
ministered intravenously 

(cc.) 

5.0 

i 

1 8.0 

i 

35 

5 

8.0 

30 

Trophozoites P. I'irax (McCoy) 
in inoculum in millions 

79 

1 

109 

i 

1 263 

79 

109 

225 

Date inoculated 

6/16/45 

8/9/45 

10/3/45 

6/16/45 

S/9/45 

10/3/46 

Date of observation of para- 
sites 

1st 

6/16/45 

neg. 

neg. 

6/16/45 

nog. 

10/4/46 

last 

6/17/45 

neg. 

neg. 

6/17/45 

neg. 

10/4/46 

Quinacrine level (jig./h) plasma 
a) prior to inoculation on 
6/16 

1 

>120 

>120 

>120 

>80 

>120 

>120 

b) subsequent to inoculation 
on 6/17 

>120 

>120 

1 

>80 

>60 

>120 

>120 

Total gm quinacrine given sub- 
sequent to inoculation 

2.6 

j 

2.6 

i 

2.6 1 

2.6 

1 2.6 

2.6 


It should be noted that the parasites of the several inocula were at the most 
never detected for more than 24 hours following the inoculation and that the 
several doses of parasites were introduced when high plasma levels of quinacrine 
prevailed. Both patients enjoyed uhinterrupted good health, and daily blood 
examinations revealed parasites only on the indicated occasions. 

Since it is obviously necessary to await complete or nearly complete excretion 
of the accmnulated quinacrine before ascertaining the effect of these inoculations 
subsequent determinations of the plasma levels of the drug were made as follows: 


DATE 

PATIENT 

B-3104 

B-3106 

11/29/45 

40 < ng./L 

40 < /ig./L 

1/ 2/46 

below 40 pg./L 

below 40 ag./L 

2/19/46 

5 pg./L* 

S /rg./ii* 

4/ 2/46 

1.6 pg./L* 


4/28/46 

— 

0.9 ftg./L* 


• Determination made in the laboratory of Dr. David P. Earle, Goldwater Memorial 
Hospital, New York City. The determinations of 4/2 and 4/28 may, according to Dr. 
Earle, represent either a trace of the drug or a high blank reading. 
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Our own crude facilities for the determination of quinacrine in plasma not 
permitting its estimation in amounts below 40 micrograms per liter, a request 
for assistance was made to Dr. David P. Earle, Jr., by whose courtesy the last 
determinations were made in the Goldwater Memorial Hospital, New York, City. 
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It was concluded that the small residual amount of quinacrine present in 
patient B-3104 might be ignored. On 4/2/46 he was inoculated b}' the applica- 
tion of two A. gjcadrimaciilaCus, in the salivary' glands of which, on fnibscqucnt 
dissection, abundant sporozoites were found. These were infected with Ifio 
McCoj’- strain of P. vivax. Parasites were first seen in t he blood smear of 4/ 1 G/4G 
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and a clinical onset was experienced on 4/21/46, which initiated a series of three 
quotidian paroxysms which terminated spontaneously. The course of liis para- 
sitemia and clinical reaction is shown in chart 1. 

Patient B-3106 was inoculated with the McCoy strain of P. vivax on 4/19/46, 
by the application of a single A. quadrimacidatiis , in the salivarj’’ glands of which 
abundant sporozoites were found on subsequent dissection. Parasites were first 
found in the blood smear of 4/28/46, and the clinical onset on 5/5/46 initiated 
a series of seven quotidian paroxysms, with marked difference in the severity of 
the paroxysms produced by one brood of the parasites. They terminated spon- 
taneously. The course of his parasitemia and clinical activity is sho^\'n in chart 
2 . 

Consideration of these charts brings out the following points: The infections 
become patent after nonnal intervals of prepatency, but both patients exhibited 
a high pyrogenic threshold, in excess of 1,000 parasites per cmm. 

The maximum densities attained by the parasitemias were low (2,000; less 
than 5,000) with a subsequent rapid decline. In both patients the clinical ac- 
tivity was limited to the period when the parasitemia exceeded 1,000 per cmm. 
In patient B-3104 the latent infection was microscopically patent for four weeks, 
and in the other for five weeks follovdng termination of clinical activity. 

Conclmions . — ^Assuming that these patients were originallj’’ fully susceptible 
they did not, on final inoculation vdth living sporozoites follondng excretion of 
the quinacrine accumulated during the course of their immunization inoculations, 
prove refractory to inoculation, but on the other hand, developed an infection. 
However, the course of their infection exliibited certain verj’- definite character- 
istics of immunity, namely: (1) the high pyrogenic level, (2) the low maximum 
density attained by the parasitemia, (3) the transient character of the maximum, 
(4) the rapid spontaneous decline in the parasitemia, and (5) the short clinical 
attack. While elsewhere (Boyd, 1942) such a reaction has been observed follow- 
ing known reinoculation with a heterologous strain of P. vivax rather than with 
the homologous strain, it would appear that in these instances the patients did 
acquire an appreciable immumty following the intravenous administration of 
living parasites when their plasma was saturated ivith quinacrine. 

REFERENCES 
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from vivax malaria. Am. Jour. Trop. Med. 23: 209. 

Boyd, Mark F . 1942 Criteria of immunity and susceptibility in naturally induced vivax 
malaria infections. Am. Jour, Trop. Med. 22: 217. 
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STUDIES ON ATABRINE SUPPRESSION OF IMALARIA 

II. An Evalxja-tion of Atabhine Sxjppeession in the 

Field 

F. B. BANG,i N. G. HAIRSTON,* J. j\IAIER* and TRACERS 

Since the value of a drug as a suppressive of malaria depends on the total 
amount of malaria ivhich it suppresses, it is obidous that the rate of clinical 
attaclcs in troops on irregular suppression tells us little about the efficacj" of the 
drug. Both the actual amount of clinical malaria and an estimate of the expected 
attack rate ivere suppression not in effect must be ai^ailable. Smce it is often 
not feasible to take troops off of suppression to find out the amount of malaria 
suppressed, it follows that a method or combination of methods for determining 
just what is going on during suppression would be of great I'alue. We believe 
that by careful parasite surveys of troops it is possible to determine some ofthe 
factors in operation. 


DEVELOPMENT OF METHOD 

During a routine study of the treatment of acute attacks of both lui'ax and 
falciparum malaria it was noted that a few parasites (ring or comma'Shajied * 
forms) could often be found reappeaiing in the blood late in the course of therapy. 
(1) They were usually not accompanied by a rise in temperature, were often less 
than 1/500 w.b.c. and always less than 4/500 w.b.c. Tlie more attacks of fever 
a man had the less likely he was to show this phenomenon. Atabrine levels 
were weU above 30 gamma per liter in all cases. 

Similar studies were then made on other men who had not bad a clinical at- 
tack for some weeks and who were under rigidly superidsed atabrine suppression. 

A highly infected group was chosen for this, (80% relapsing 6 weeks after stopping 
suppression), and in one compan 3 '- 14% were shown to be positive on one smear. 
Again the transient parasitemia was unrelated to the atabrine levels, which were 
normal for suppressive levels (fig. 1). 

It also appeared that previous sensitization of the phagocjdic sj'stem plaj'cd 
some part in the phenomenon, for “Co. I” Avhich produced this high percentage 
of positive smears was composed of men who had had onlj’ a few previous at- 
tacks, while the men in Compan}" A and E with a low % pos. had had rmny 
prenous attacks (table 1.) 

From this we have assumed that the percentage of positive swears wliich ran 
be found in troops who have not preidously liad much clinical malaria is a rough 
measure of the amount of infection. 

Thus on surveys, although positive smears maj' be obtained in clinicalh' well 

1 Major, M.C.,A.U.S. 

* 1st Lieutenant, Sn.C., A.U.S. 

‘Major, M.C., A.U.S. 

* Captain, Sn.C., A.U.S. 
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individuals on adequate suppression, there were few wth more than 5 per 500 
w.b.c. We may assume then that parasite densities above this level indicate 
multiplication in the blood and therefore inadequate suppression. 

If as the accompanying table shows, any considerable proportion of those who 
are positive have five or more parasites per 500 w.b.c., then it is assumed that 
these men have not been effectively suppressed even if they happen to be asymp- 
tomatic. 



Fio. 1. Plasma Atabrinb Levels in Men Showing Positive Thick Smears Compared 

WITH Negative Smears • 

TABLE 1 


Effect of immunity on incidence of positive smears 



% WITH 3 OR MORE 
ATTACKS 

1 

KO SMEARS 

KO. POS, 

%POS. 

Co. A 

100% 

99 

0 

0.0 

Co. E 

90% 

250 

2 

0.8 ± .5 

Co. I* 

25% 

145 

21 

14.5 ± 2.9 


* 42% of these men had only 1 attack. 


METHOD 

The rates of infection were determined by a careful examination of Giemsa 
stained thick smears by one of the oflBcers of the group. Every positive slide 
was checked by another officer. Since these surveys were made by four expe- 
rienced men working closely together the procedure was fairly standard. Posi- 
tive slides are expressed as parasites per 500 w.b.c. which means that a minimum 
of 0.1 c.mm. blood was examined. Most negative slides were further examined 
for another five minutes. The estimate of suppression included in the table is 
that of the base malariologist who inspected the atabrine roster during the ad- 
ministration of the drug. Malaria rates are for the three weeks preceding and 
one week following the parasite survey, and are expressed as cases/1000 men/yr. 

The results of the surveys are presented in table 2. They show fair correlation 
between the actual malaria rate, the estimate of efficiency of atabrine administra- 
tion and the results of our surveys. 
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Such surveys as these have definite limitations. First, they are of little value 
in telling us how conscientiously atabrine is being taken if there is not much 
malaria in the outfit to start with. Secondly, an outfit may be heavily infected 
and because the men have had many clinical attacks few parasites would be ap- 
parent with good suppression. Yet within these limitations the method empha- 
sizes the fact that a given malaria rate may be produced by a variety of 
conditions. 

With these considerations in mind we have attempted to estimate the efficacy 
of atabrine suppression during jvmgle combat, the period when it is most severely 
tested. 


SUPPRESSION’ OF JIAIiARIA IN COMBAT 

There is no longer any doubt that atabrine is highly effective in the suppression 
of malaria even in combat, but there has been no unanimity of opinion as to just 
how much malaria we might expect under suppression. 

TABLE 2 


Parasite rates in "infected" troops under suppression 


» OUTFIT 

TIME IN 
iiALAmons 1 
AREA 

HAXAWA 

BATE 

SUPFBESSIOK 

NO. 

% ros. 

% or ros. 

ItOSETHAH 
S TARA. 

Port Bn. 

8 mos. 

442 ! 

Very poor 

174 

17.2 

53 

St. Hospital 

5 mos. 

287 

Fair 

253 

7.1 

11 

Eng. Bn. 


53 

Fair 

151 

2.0 

0.0 

Inf. Eeg. 

2 mos. 

70 

Fair 

(under combat) 

184 

1 2.2 

! 0.0 

6th Army trainees 

S mos. 

0 

Excellent 

1 

145 

14.5 

0.0 


Three factors make the suppression of malaria during jungle warfare more 
difficult than in base areas. First, such outfits usually cany a hea%fier load of 
previous infection and are continually being reinfected. Secondly, super\*ision 
of atabrine rosters becomes more difficult and often impossible during combat. 
Finally, the stress of Ihing conditions may stimulate the outbreak of clinical 
malaria in the occasional indi^’idual who is improtected by 0.1 gm. per day even 
though there is no apparent effect of exercise on atabrine metabolism (2). 

A study of the 126th Infantrj'^ Regiment of the 32nd Di\Tsion was undertaken 
because all of the above difficulties of suppression obtained. So conclusions con- 
cerning the efficacy of suppression in these troops arc applicable to less hearily 
infected troops under less severe conditions. This regiment was hea\'il 3 ' infected 
during the Bima campaigns. Although there were many replacements in the 
ensuing eighteen months, some infection remained. The amount of recent infec- 
tion may be judged by the fact that at the time of the study 40% of all the infec- 
tions were falciparum and 50% were first attacks. Although the rate of anophe- 
line infection was low (none positive of 122 dissections) manj' men were infected 
— this because the men were constantlj’’ c.xposcd to many mosquitoes in pill boxes 
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and foxholes. Wlien this study was started the regiment had been in severe 
jungle combat for the previous two months and in light combat during the four 
preceding months. A high proportion (10%) of the replacements by this time 
showed parasites despite suppression and lack of S 3 anptoms. They were taking 
1.0 gm. atabrine/week, di\'ided into two or three doses. 

The previous study of break-throughs (2) which occur in base areas has .sho^vn 
that the problem of suppression of malaria in service troops is mainly one of 



Atabrine levels - y per liter 
Fig. 2. Ataebine Levels Under Combat Conditions 
Suppressive regime: 0.5 g. 2 times per week for 2 months, subsequently 0.2 g. per day 

administration and that cases rarely develop in men who have conscientiously 
taken 0.1 gm. atabrine/day . Plasma levels of men developing malaria when in 
combat (fig. 2) are no higher than in those who relapse in a non-malarious area. 
Thus the fundamental problem of suppression in combat does not differ from the 
problem elsewhere. 

In this study the controls had higher atabrine levels (fig. 1) t.hfl.n those in other 
studies since more atabrine was taken each week. No study similar to this has 
been carried out with 0.6 gm. or 0.7 gm. atabrine/week in combat, and we cannot 
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conclude that 0.1 gram atabrine taken once a day would not suppress malaria in 
combat. One case of malaria had a level about 30 gamma per liter; this man 
had taken his usual 5 pills the previous night and it is likely that had he been able 
to maintain this level he would have cured liimself. This emphasizes the fact 
that the atabrine level obtained when the patient comes to the hospital may not 
bo the same as the level which e-visted at the time of the developing parasitemia. 

Cases of malaria among troops on suppression may be due either to failure to 
take the prescribed dose or to an abnormal metabolism of the drug. A low ata- 
brine level does not necessarily mean that the patient has not been taking the 
prescribed dose. Thus we can obtain an estimate of the percentage of true break- 
throughs onl}’ by a series of careful histories vdth atabrine level studies. These 
were carried out as follows: At the time of bleeding for atabrine levels, the ser- 
geant who took the blood questioned each man carefully. The next day one of 
us again independently questioned the patient. It often took 15 or 20 minutes of 
careful questioning before he admitted to any break in regime at all. Then it was 
often discovered that the regime had been very inadequate. Two patients told 
the sergeant that the}’’ had missed atabrine but failed to tell the medical officer. 
Sample liistories are given in the accompanying table. Of 72 cases studied on 
admission to the hospital the following results were obtained. 


Vomiting nnd/or missing atabrine 43 

Quinine instead of atabrine 5 

Diagnosis not confirmed bj' smear 8 

Denied missing atabrine 16 

Total 72 


An individual was not considered to be missing or vomiting enough atabrine to 
make his suppression inadequate unless he bad missed at least one dose of 0.5 gm. 
the prerious week and one or more the week before that. Probably a few of these 
16 men denied missing atabrine for fear of punisliment. We concluded that over 
75% of the cases who came to the hospital could be eliminated from our considera- 
tion of true break-tluoughs. 

This does not of course tell us how many of these men would have malaria were 
they not suppressed. We have tried to get at this indirectly. It was found on 
pre\’ious studies of ^dvax malai'ia that hea\dly infected men might have as high 
as 14% positive smears even though they were asymptomatic and under excellent 
suppression. Of tins group of more than a hundred men when taken off suppres- 
sion, 80% developed relapses in 8 weeks. 

Studies of smears taken from the men in the 126th Infantry Eeg. while in com- 
bat who had had few or no previous attacks of malaria showed 12 of 114 positive, 
or 10%. This rate of parasitemia in well-suppressed soldiers (see fig. 2) might 
well indicate that about 50% would relapse in two months if unsuppressed. 

. The actual malaria rate which was carefulty checked was 140/1000 men/year. 
A maximum of 25% of this or 35/1000/year was due to valid break-throughs. 
If with no suppression 50% had developed malaria in two months we would have 
had an attack rate of 3000/1000/3mar. Thus only about 35 of 3000, or 1 out of 
100 possible attacks did develop despite atabrine. If we assume that the 10% 
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TABLE 3 

Studies on individual brcahlhroughs 



farrritECSiOM 

VALAItA 

HO. 

1st History 

Jnd History 

No. 

aUacts 

brine 

level 

rarasltej 
per iOO wd>.c. 

1 ] 

lO/wk. OccnBional 
vomiting 

BeenuEO of vomiting pt, cut 
down to 3 at each doEC. 
Also missed. ThuBgotSin 
last 2 weeks. 

0 

0 

P. falciparum 

3,580 rings 

2 

10/wk. 

Taken under BuperviBion. No 
vomiting. Last dose 5 

days previously. 

0 

9 

P, vivax 300 ame- 
boid 

3 

i 

Because of vomiting 5 pills 2 
limcs/wk., started 4 wks. 
ago taking one pill/day, 
sometimes ntabrinc, some- 
times quinine. 5 days be- 
fore hospitalization took 15 
at, then took "some” qui- 
nine. 

0 

0 

P. falciparum 

2,C50 rings 

4 


Wliilc in camp took 3 pills 
3/wk . and kept these down . 
■Wlic'n on line had to take 5 
at a time and was “so burnt 
up” that he took none for 

6 wks. Last week took 
2/day. 

2 

1 

8 

P, vivax 110 rings 

6 

10/wk. 

Never misses atabrine. “Too 
smart not to take it.” 

■ 

15 

P. vivax 1,900 
troph. 

6 

10/wk. 

While on push against Japs 
atabrine became very ir- 
regular. 

0 

1 

IG 

P. sp. 450 rings 

7 

10/wk. Ocoa- 

Bional vomiting 

Missed 2 doses before this 
; illness. Previous study of 
this pt. 1 yr. before showed 
that he developed low 
levels on intensive therapy 
and was barely suppressed 
on .1 gm./day. Chills and 
fever for 2 wk. 

6 

0 

P. vivax 180 
ameboids 

8 

10/wk. 

Takes 3 pills 2/wk. and gives 

I left over to his buddies. 

■ 

9 

P. vivax 6 rings 
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TABLE 3 — Continued 


no. 

SUPPRESSION 

&IALAR1A 

Isl Historj’ 

2nd HIstorj' 

No. 

attacks 

Ata- 

brine 

level 

Porasites 
per 500 w.b.c. 







9 

Missed 

Caught in a retreat and failed 
to get atabrine for 7-10 
days. Started 1/day 2 

daj's ago. 


14 

P. falciparum 200 
rings 

10 

10/wk. 

Does not think he missed al- 
though on a drive into 
enemy territory in past 
wk. 

1 


4 

P. falciparum 75 
rings 

11 

S/\vk. Missed 
while in hills 
on patrol 

Taking 4 pills 2/wk. Did 
not miss or vomit. Nog. 
smear at first. 


. 8 

P. falciparum 11,- 
800 rings 


positive smear index indicates an attack rate only half of the above, we still have 
only 2 out of a possible 100 attacks or 98% protection. 

SUMMART 

An evaluation of atabrine suppression under field and combat conditions is 
attempted. The malaria rate in itself is of little value since the total amount of 
malaria to be suppressed is unknovm. 

The percentage of men shovang positive smears (very few parasites) when on 
good suppression (checked b}'’ atabrine levels) is assumed to be roughly indicative 
of the amount of malaria in this group of men. An index of 14% positive was ob- 
tained in a group of whom 80% relapsed with attacks of vivax malaria within 
two months after stopping atabrine. This relationship is true only if the smears 
are made on indi^dduals who have had few or no previous attacks of clinical 
malaria. 

A combination of careful history taking, determination of atabrine levels, and 
examination of smears showed that at least 98% of the men in strenuous combat 
were protected by 1.0 gm. atabrine per week. This was usually taken in 2 doses 
of 0.5 gm. each. No data on 0.6 gm./wk. from troops during strenuous combat 
is avaUable. Sample histories showing the difficulties of administration are 
given. 
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RELAPSING FEVER ON THE ISTHMUS OF PANAMA 
Repobt op 106 Cases 
CARLOS CALERO 

From the Medical Staff of theSanto Tomas Hospital, PanamaCity 

Some reports have been published with respect to the clinical aspect of re- 
lapsing fever on the Isthmus of Panama since the first reports of Darling (1-2) 
and of Connor (3), that cover the diagnosed cases until 1917. Among such re- 
ports are those of Bates (4), who described for the first time the trasmission of 
the disease experimentally from animal to man; of Clark (5), who also transmitted 
the disease to man experimentally; of Carrizo (6), who reported four cases, one of 
which was hospitalized in Santo Tomas; of Nicosia (7), who reported one case 
hospitalized in Santo Tomas; and of Cohen (8), who reported six cases hospi- 
talized in Gorgas Hospital on the Canal Zone. In tliis paper we discuss the 
clinical aspect of relapsing fever on the Isthmus of Panama, with various ref- 
erences to its etiology, epidemiology, prognosis and treatment, based on the 
observations of the patients we had the opportunity to attend in our clinic and 
records of the other 32 cases diagnosed in this hospital, from 1927 to 1944; and 
of those of 72 patients from Gorgas Hospital, on the Canal Zone, from 1907 to 
1944 inclusive, a total of 106 observations. 

Etiology: It seems beyond all doubt that recurrent fever on the Isthmus of 
Panama is produced by a new strain of Spirochaeia recurreniis, for winch the 
name of Spirochaeia neoiropicalis (10) has been recommended. The immuno- 
logic investigations (11) show that it is. a distinct strain. The study in con- 
junction with the bibliography strenghtens our belief that it is prefei’able to 
consider the described spirochaete of Panama as a new strain rather than as a 
new species of Spirochaeia recurreniis (12), by adaptation in its local animal 
vectors. 

Epidemiology: In the study of relapsing fever on the Isthmus of Panama from 
the epidemiologic standpoint one must consider the number of wild animal 
carriers of the disease (5, 9, 13 to 15) and the susceptibility of various mammals 
to the disease (1, 16, 17); the quantity of Omithodorus veneziielensis and talaje, 
many being infected, which infest the farm and urban dwellings, in the same order 
of frequency, and are the transmitting agents of the disease (4, 5, 9, 13, 16); its 
life cycle (13 to 16) and also that the disease can be acquired congenitalb'’ (4-5); 
finally, that in the central portion of the Isthmus is located the Canal Zone, with 
its American population. 

We do not msh to dwell upon the three primary considerations prcviousbi- 
mentioned, because the publications referred to in the bibliography^ arc sufficient 
from this standpoint. We only vdsh to emphasize with regard to the immi- 
gration of Americans that this gives us a large population vith no immunity, 
which works in a region rich in infected ticks where one can easily acquire the 
disease that develops with characteristics generally not obsen^ed in our native 
farmer, who has already acquired some degree of immunity. 
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A study of the cases show that the incidence of relapsing fever is relatively 
low, with an average of 0.11 per year and per 1000 hospitalizations. 

It does not appear that age influences the incidence of the disease; our statistics 
show patients wth ages varying between 13 months and 50 years. However, 
82.5% of the total number were between 11 and 40 years of ago corresponding to 
the greatest working activity. 

No specific nationality of people is immune to relapsing fever; the major inci- 
dence occurred in Panamanians, with Americans being next in order of frequency; 
however, in relation to the total number of the one and the other nationality who 
inhabit the Isthmus, there is a greater incidence among the Americans, because 
of their lack of immunity. 

There seems to be no predilection for race, since white people as well as mes- 
tizos and negroes have been infected \sdth relapsing fever in nearly equal 
frequency. 

The incidence has been greater in males than in females, and during the dry 
months rather than during the rainy season, much to the contrary of reports in 
text-books (18 to 20). 

There is no area in the interior of the Republic from which no report has 
been rnade of this disease. Our investigations, show that in the neighboring 
republics of Colombia and Ecuador the same disease e>dsts. 

Symptomatology: From the reports of 93 medical histories we make our con- 
clusions according to the following topics; subjective symptoms, physical examina- 
tion and laboratory examinations. 


1. Subjective symptoms: There are reports of cephalgia and anorexia during 
t e meubation period; there are no complete nor adequate records concerning 
this period, except for the author’s data; however, it is interesting to note that the 
majority of text-books, likewise, have very little information in regard to this 
aspect It does not help to make a very easy diagnosis of relapsing fever; but 
as as een s omti in other diseases in this one there is no exception in respect to 
rts premonitory symptoms of the incubation period which, as reported by Bates, 

Dunn and St. John (4), is of 6 to 9 days’ duration. 

The onset of the period of invasion is revealed by fever and violent chills. The 
chiUs were ^olent m 71.6% of the total and in 97.9% of the cases reported; in 
only two histories was there denial of the existence of chills. In 23% of the total 
cases the chills recurred daily with each rise in temperature, at the end of each 
remission or of the period of apyrexia; in 16.8% of the cases the chills were mani- 
ested as a sensation of continuous chilliness, accompanied by psychic depression. 

The temperature foUowed a course of repeated febrile periods or cycles in 
succ^sive form; 56.8% of the patients presented a secondary febrile cycle; 
17.8%, a tertiary cycle; 6.3%, a fourth cycle; and 2.1%, a fifth cycle. 'We 
cannot estabfish any average for the number of febrUe cycles in our patients be- 
cause m nearly all of them treatment was initiated as soon as a definite diagnosis 
was made by observing the Spirochaeta neotropicalis in the circulating blood; 
but this gives an idea as to how many cycles may be expected and at the same 
time permits one to refer it to one or the other of the two classic forms of the 
disease; the one, transmitted by ticks and the other transmitted by lice. 
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The primaiy cycle lasted from 2 to 9 days, with an average of 4.9 days; the 
secondaiy cycle, in 49 clinical histories, lasted between 1-5 days, averaging 2.5 
days; the tertiary, among 16 histories, lasted 1-4 days, averaging 1.5 days; the 
fourth cycle, among 9 case reports, lasted 1-4 days, averagmg 1.4 days; and the 
fifth cycle in two cases lasted 1-2 days, with an average duration of 1.5 days. 
With each successive cycle, the average duration of the febrile cycle decreased. 

The fever was of a remittent type in 78.9% of the total reports; intermittent, 
in 9.45%; remittent in one of its cycles or intermittent and vice versa in the 
following cycle, in 6.3%; in 6.3% of the cases the type of fever was unknown be- 
cause the patients were observed and treated during the febrile period. 

The average temperature per cycle decreased from 103.8 degree F. in the pri- 
mary, to 103.4, 102.8, 101.9 and 101.6 degrees F. in the succeeding cycles. 

Similar observations were made regarding the maximum temperature per 
cycle, which was 106 degrees F. in the primary cycle and gradually decreased 
to 105.6, 105, 102.5 and 102.4 in the following cycles. A study of the daily 
temperature per cycle shows that in the primary cycle the average daily tempera- 
tures were 103.8, 102.9, 102.7 and 103 degrees F. respectively, with the tempera- 
ture higher' at the onset and termination of the cycle; similar observations were 
made in those cases in which the primary febrile cycle was of a longer duration 
than the one indicated above. It is noted that in the secondary cycle, with 
average daily temperatmes of 102.9, 102.1 and 102.6 degrees F., the maximum 
temperature occurred at the onset and crisis of the cycle. The histories of cases 
witht hree to five cycles are not numerous enough to make definite conclusions 
on the average daily temperature. 

Only four patients were delirious with the maxhniun temperatme in the pri- 
mary cycle; none presented convulsions, coma, nor meningeal symptoms. 

Cephalgia accompanied the temperature (positive in 84.2% of the cases), being 
frontal in type especiallj’- (a few being of a skull-cap type, fronto-occipital, fronto- 
temporo-occipital), which required the use of strong and repeated doses of anal- 
gesics, and was considered the most constant sjonptom and chief cause of psychic 
depression in the patients; these headaches were recalled with dread and described 
as penetrating. . 

The fever at the end of each febrile cycle alwaj’^s fell rapid crisis, accom- 
panied by profuse perspiration. 

With the drop in temperature at the end of each febrile cycle an intenml of 
apjn-exia followed; in our series of observations it is noted, in general, that the 
total duration and average of each period of apiuexia decreased from the first 
to the fourth period, in relation to 6.9, 6, 4.7 and 3 days respectively. With the 
apyrexia the patients feel well, although in a few instances moderate asthenia 
persisted following the febrile cycles as the only sequel of the disease. 

Among other subjective sjunptoms reported in the clinical histories, pain in 
various regions of the body was a common complaint, being reported in 34.65% 
of the cases as generalized pain; in the dorsum of the thorax in C.3%; in the legs, 
articulationes and muscles in 2.1% respectively; in the left hemithorax, lumbar 
region and spinal column in 1.5% respectively. Only eight patients, 8.4%, 
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reported abdominal pain, dilYuse in the majority of cases, moderate and without 
concomitant signs of peritoneal involvement. 

In 46.3% of the cases there was a report of nausea, and vomiting in 41%; only 
eight patients denied having any nausea, and only 12 denied vomiting. The 
vomitus always consisted of food material and gastric juices; bile was present in 
only four cases; no hematemesis was reported; none of the vomiting was of an 
incoercible tjT^e. 

Eleven patients complained of having a cough; four with naso-pharyngeal 
catarrh. In only 26 cases was there any report of anorexia; twenty two reported 
asthenia; 7 reported insomnia. Although these values are small, they are sig- 
nificant since all cases reported were positive. 

In only two patients was there anj’- complaint of discomfort vdth urination, 
without evidence of cystitis or urethritis, and this complaint ceased with the fall 
in temperature. 

The chief disturbance associated with the intestinal tract was an alteration in 
frequency of bowel movements, manifested as constipation in 8.4% of the cases, 
mucous diarrhea in 7.35%, and one patient presented a dysenteric s 3 mdrome, 
without active Endamoeba histolytica present in the stools. None of these 
patients required special treatment to correct the diarrhea ; there are no reports 
on the course of the patients vdth constipation. 

2. Physical examination: In only two patients was there anj’' report of some 
cardiac lesion; we do not think that these organo-functional disturbances were 
due to any toxic action of the spirochaete of relapsing fever. 

The blood pressure averaged, in general, around 110-70 mm. Hg.; in male 
patients less than fourteen j'^ears of age, as in adults vdth hjqDocliromic micro- 
cytic anemia due to uncinariasis, the differential was as small as 20 mm. Hg. 

The pulse was always regular, full and equal, with the exception of one patient; 
there was an increase of 15 beats per minute on the average per degree Centi- 
grade of fever, in three experimental cases of Clark, the average increase in pulse 
rate was 12 beats per minute per degree Centigrade of fever. In general, the 
pulse rate was proportional to the temperature. 

There was no particular participation of the pulmonary'- sj'-stem in the cases of 
relapsing fever attended in Gorgas and Santo Tomds Hospitals; however, in ten 
cases there were various pulmonary manifestations (chronic bronchitis in eight 
patients; bronchopneumonia in one; congestion of the right base in another 
case) which may be considered only as complications of the disease. 

Abdominal palpation revealed some sensitivity, especially in the right hypo- 
chondrium (5 cases) and in the epigastrium (4 cases); but there was nothing 
specific which might be considered as pathognomonic. 

We think we are right in believing that in 25.2 % of the cases there is no doubt 
that the splenomegaly was due to the action of the sphochaete of relapsing fever; 

- the congestion and sensitivity (there are no other data) has been confirmed; but 
there is no explanation in regard to the other patients, a total of 22.1%, who 
presented splenomegaly without pain” because there is no further report on 
these cases in respect to their final course, and we loiow that some patients had 
had malaria and lived in areas wth endemic malaria. 
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As in the pre^•ious paragraph, we believe that 18 cases, 18.9%, of hepatomegaly 
with scnsiti^^ty were due to the effect of the spirochaete of relapsing fever; 
but we cannot attribute the other cases of hepatomcgalj’- vathout pain as being 
duo to this cause, since there are multiple factors in the tropics capable of 
producing hepatic cirrhosis and hepatomegaly. 

Only 5.25% of all the patients presented icterus, which was always accom- 
panied by hepatemegalj'- and sensitmt}* on palpation of the liver. 

Insect bites wore observed on the extremities, thorax and abdomen of ten 
patients; herpes labialis in two cases; and in two others, 2.1%, during primary 
and tertiarj’- febrile periods there was a macular erythema on the thorax and 
abdomen, without relation to the therapj’- used. There are reports of congestion 
of the face and pallor of the remaining portions of the bodj’- during the febrile 
stage, followed b 3 ’’ blanching of the face at the crisis of the fever. 

In 10.5% of the patients there was pharjmgeal congestion; tonsillar congestion 
in 4.2%; pharjmgeal and tonsillar congestion in 6.3%. 

In onbv 4.2% of the cases was there any sub-acute submaxillary adenitis; 
all of these had tonsillar congestion. There were reports of chronic evolution 
of adenitis in manj’’ other cases. It is doubtful that the Ijunph nodes partici- 
pate in the usual course of relapsing fever on the Istlnnus of Panama. 

Three patients presented meningismus, vith slight rigidity of the neck; there 
was no other sjTnptom of meningeal irritation. 

3. Laboratory Examinations: The ery'tlirocj’te counts of the patients with 
relapsing fever showed a verj”- slight anemia, never less than 4.000.000 per cm. 
There were manj’- cases in which the red cell coimt was low but this was due to 
uncinaria infestation. 

The leucocyte count averaged around 8.500 per cm. vdth a maximum 
leucocytosis of 16.000 and a minimum of 3.000 per cm. The moderate leuco- 
cytosis associated vath relapsing fever is mentioned in various text-books. 

The differential leucecj-te count, in general, showed nothing specific nor 
pathognomonic; there were cases with neutropenia and others with moderate 
neutrophilia; lymphopenia and Ijrmphocj’tosis; moderate eosinophilia and 
monocytosis. 

The hemaglobin concentration averaged 70% (Tallqvist), varying between 
25-90%; all those cases with a hemaglobin content below the average had an 
uncinaria infestation. 

Albuminuria was encountered in only two patients; the remainder of the 
urine examinations were normal. There was practically no renal pathology 
in our patients mth relapsing fever. 

Without relation to the time of extraction of blood (febrile or afebrile period), 
in onlj’- one patient was the Kahn test strongly positive (4 plus). We have no 
information on the' past luetic history of this patient nor any repeated examina- 
tion reports to judge the significance of this reaction; however, if the test had 
been negative before the onset of the fever, this report shows that the percentage 
of false reactions (4 plus) during relapsing fever in Panama is exceedingly low, 
in frank contrast to the obsen^ations of some investigators who give a higher 
percentage of 8%. There were seven cases of false reactions vdth 2 plus and 
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two cases with 1 plus, which we have not included in the total of false positive 
tests, because of their very moderate flocculation. 

Examination of spinal fluid after the febrile cycle in two patients with arsen- 
ical therapy already initiated showed no abnormality in color, pressure, cellular 
and chemical content, nor were any spirochaetes encountered. The Wassermann 
reaction was negative in both cases. 

An infection frequently encoimtered in our rural population is intestinal 
parasitism, which was positive in 29.4% of all our cases of relapsing fever; 
imcinariasis was encountered in the majority of cases although mixed infections 
were observed (Ascaris, Trichuris, Strongyloides). 

Another common infection, which can complicate any other pathogenic agent 
in ovtr territory, is paludism, being positive in fom of our patients. One of these 
cases was infected with Plasmodium malariae (which is very rare in the Isthmus) 
and this infection is the more interesting of the two common ones associated with 
relapsing fever, since this also is encountered in the circulating blood. 

Treatment: We can summarize the therapy of relapsing fever, as noted in the 
clinical records, as follows: 

1. When large doses of arsenicals were injected or when the same or smaller 
doses were injected at the end of the primary febrile cycle, when the crisis was 
suspected, the majority of cases had immediate reaction after the injection. 

2. New febrile cycles were observed more frequently when the arsenical was 
given intramuscularly than intravenously. 

3. Moderate doses (0.45 gm. of neosalvarsan, for example, rather than large 
doses such as 0.6 gm.) in adults injected during the afebrile stage or during the 
febrile crisis were sufficient to prevent recurrences of fever, especially when the 
doses were repeated; in none of these cases was there any arsenical reaction. 

We do not think that large doses of arsenicals (20) should be used in the 
treatment of relapsing fever; and (19) that as soon as a definite diagnosis can 
be made (during the febrile stage) the arsenical at hand should be injected, 
unless a febrile crisis has already commenced or if a crisis is imminent, when it is 
better to wait several hours until the crisis has terminated, before administering 
the arsenical. However, it is not wise to recommend a dose as large as 0.9 gm. 
of neosalvarsan, injected at one time; nor is it wise to wait, in the period of 
apyrexia, for a new febrile stage to give another injection. Repeated moderate 
doses (as 0.45 gm. of neosalvarsan or neoarsphenamine) have been observed to 
be more beneficial in preventing further relapses, with the initiation of therapy 
during pyrexia (as recommended by Manson-Bahr), or apyrexia as soon as a 
definite diagnosis is made with the benefit, in the majority of cases, of avoiding 
the recurrence of the fever; our observations also show that there is a relation- 
ship between the arsenical used and the course of the disease and its febrile 
curve. 

We cannot say that one arsenical is inferior in action against the spirochaete 
of relapsing fever because in one or two patients its action was not dramatic. 
We do not refer to those cases in which insufficient doses were used but precisely 
to those cases in which sufficient dose was given, because there are nrunerous 
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obsen'ations for the same arsenical, such as novarsenobenzol and neosalvarsan, 
for example, with contradictorj>- results. It is advised in such a case to change 
the tj^pe of arsenical to be used. 

It is important to remember that in those cases after the first reaction, there 
were no similar manifestations afterwards, even though similar or larger doses of 
novarsenobenzol, neosalvarsan and mapharsen were used during the afebrile 
period. 

Finally, we vish to mention that the majority of patients were treated with 
neosalvarsan and that with tliis arsenical the minimiun febrile relapses and 
reactions were observed. 


CONCLUSION 

1. The laboratory and clinics have confirmed the diagnosis of relapsing fever 
on the Isthmus of Panama. 

2. It appears that the etiologic agent, SpirocJiaeia neotropicalis, is a strain of 
Spirochacta rccitrrentis. 

3. Some wild animals are hosts of Spirochaeia ncoiropicalis. 

4. Omiihodonis vcnczuclensis is the principal vector of the spirochaete which 
can be transmitted also by Omiihodorus ialaje from animal to man. 

5. The incidence of the disease on the Isthmus of Panama is very low, no 
greater than 0.11 per 1000 hospitalizations. It is observed chiefly between the 
ages of 14 and 36 years (in relation to the years of major activity in the fields), 
without relation to nationalitj'- or race, and in our farmers, with no relation to 
sex. Its major incidence is during the dry months of the year, in women as well 
as in men. There is no specific regional focus of origin; apparently the disease 
exists in all areas of the republic. 

6. In regard to symptoms it is impossible to distinguish this disease from the 
clinical type described in San Francisco (21). With the exception that we have 
not encountered the rash nor the splenomegaly with the frequency of those 
cases reported in Texas and that the new febrile cycles are less severe than the 
primary or previous ones, oiur cases are identical to those cases of relapsing 
fever described in Texas (Kemp, Moursund and Wright, 1935) in respect to the 
symptomatology. Our cases differ from those of Central Africa in that the fever 
decreases in our clinical type from the primary to the secondary, third and 
fourth febrile cycles; also in our cases there is no significant frequency of diarrhea 
nor of a dysenteric syndrome (19) as described in the above mentioned patients; 
and the pulmonary complications (pneumonia and bronchitis) and changes in 
the. blood picture (such as polymorphonuclear leucocytosis and aplastic anemia), 
have not been encoimtered with such frequency as described elsewhere. 

7. According to the medical histories we have reviewed the prognosis in this 
disease is good; no deaths have been reported.. 

8. The only sequela has been asthenia, in a few cases. 

9. With sufficient doses of an arsenical, injected intravenously (0.45 gm. of 
neosalvarsan or neoarsphenamine, repeated within 24-48 hours after the initial 
dose of 0.3 gm. for a patient weighing 55 kilograms, in the tropics) the results 



768 


CARLOS CALERO 


have always been satisfactory. In several patients (4%), however, it was 
necessary to change the arsenical because of recurrence of the febrile stage. We 
do not feel that it is necessary to wait for the febrile stage to initiate or continue 
the treatment; it is advisible to commence vuth the therapy as soon as the 
diagnosis has been made, unless a febrile crisis is imminent, to avoid a recurrence 
of the febrile cycle or a post-injection crisis. 

The writer is indebted to Dr. J. M. Nunez, Chief of the Medical Staff of the 
Santo Tomds Hospital; to Dr. H. C. Clark, Director of the Gorgas Memorial 
Laboratory; Col. W. C. Dreibelbies, Superintendent of the Gorgas Hospital and 
Dr. J. B. Brown, of the same Hospital, for their suggestions and support in the 
preparation of this paper. 


BIBLIOGRAPHY 

(1) Darling, S. T.: The Relapsing Fever of Panama. Proc. Canal Zone Med. Assoc. 

I: 3, 1908. 

(2) Darling, S. T.; The Relapsing Fever of Panama. Arch. Int. Med. IV: 150, 1909. 

(3) Connor, R. C.; Relapsing Fever; Its Occurrence in Panama and a report of Recent 

Cases Treated in Ancon Hospital. Proc. Med. Assoc. Isthmian Canal Zone. X: 
part 2a., 67, 1917. 

(4) Bates, L. B., Dunn, L. H., and St. John, J. H.: Rehapsing Fever in Panama. The 

Human Tick Ornithodoros talaje, Demonstrated to be the Transmitting Agent of 
Relapsing Fever in Panama by Human Experimentation. Amer. Journ. Trop. Med. 
I: 193 (July), 1921. 

(5) Clark, H. C., Dunn, L. H., and Benavides, J.: Experimental Transmission to Man ' 

of a Relapsing Fever Spirochete in a wdld Monkey of Panama — Leoritocebus gcoffroyi 
(Pucheran). Amer. Jour. Trop. Med. XI: 243 (July), 1931. 

(6) Carrizo, A.: Fiebre Recurrente en Panama. Bol. Assoc. Med. Nac. IV: 11 fMarzo- 

Junio), 1942. 

(7) Nicosia, J.: Sobre un case de Fiebre Recurrente. Bol. Assoc. Med. Nac. V: 12 

(Marzo), 1943. 

(8) Cohen, A. G.: Relapsing Fever in Panama. Report of Six Cases. Amer. Med. 

Assoc. 7: 19 (Jan.), 1945. 

(9) Clark, H. C. : Relapsing Fever in Panama, in a Symposium on Relapsing Fever in the 

Americas. Publication 18, Amer. Assoc. Adv. of Science, 1942, p. 29. 

(10) Bates, L. B., and St. John, J. H.: Suggestion of Spirochaeta neotropicalis as name 

for Spirochete of Relapsing Fever Found in Panama. J. A. M. A. 79: 575 (Aug.), 
1922. 

(11) St. John, J. H., and Bates, L. B.: The Relapsing Fever Spirochete of Panama. Evi- 

dence to show that it is a distinct species. Am. Jour. Trop. Med II: 251 (May), 
1922. 

(12) ICemp, H. a., Moursund, W. H., and Wright, H. E. : Relapsing fever in Texas. II. 

The specificity of the Vector, Ornithodorus turicata, for the spirochete. Amer. 
Jour. Trop. Med. 14: 159 (March), 1934. 

(13) Dunn, L. H., and Clark, H. C.: Notes on Relapsing Fever in Panama with Special 

Reference to Animal Hosts. Am. Jour. Trop. Med. 13: 201 (March) , 1933. 

(14) Dunn, L. H.; Observations on the Host Selection of Ornithodoro talaje Guern. in 

Panama. Amer. Jour. Trop. Med. 13: 475 (Sept.), 1933. 

(15) Clark, H. C. : Progress in the Survey for Blood Parasites of the Wild Monkey of Pan- 

ama. Amer. Jour. Trop. Med. 14; 479 (Sept.), 1934. 



RELA.PSING FEVER ON ISTHMUS OF PANAMA 


769 


(10) DuxNjL.II.: Notes on the Tick, Ornithodorostalaic (Guer.), Infesting a House in the 
Canal Zone, Psyche. 88: 170, No. 4, 1931. 

(17) DAnuxG,S.T.: The Rat as a Disseminator of the Relapsing Fever of Panama. Jour, 
Amcr. Med. Assoc. 79: SIO (Sept.), 1922. 

(IS) Strong, R. P.: Stitt’s Diagnosis, Prevention and Treatment of Tropical Diseases. 
Philadelphia, The Blakiston Company, 1942, p. 321. 

(19) Manson-Baur, P. II.: Manson’s Tropical Diseases, Baltimore, Williams & Wilkins 

Company, 1942, p. 211. 

(20) WniTMORi:, E. R.: Practice of Medicine (Tice). New York, W. F. Prior Company, 

Inc.,vol.lV,p.219. 

(21) Wynns, H. L., AND Bkck,M.D.: Relapsing Fever in California. Am. JI. Pub. Health. 

26:270, 1935. 




BIOLOGICAL STUDIES ON ENDAMOEBA HISTOLYTICA 
I. The Geowibc Cycee of Populations in a Mixed Bacterul Flora^ 
WILLIAM BALAMUTH and BETTY HOWAB.D 
From the Department of Zoology, Northwestern University, Evanston, Illinois 

INTRODUCTION 

Knowledge concerning the biology of parasitic Protozoa has lagged far behind 
that of related free-living forms, owing to the necessity of first discovering suit- 
able methods of cultivation in vitro and to the more rigorous experimental con- 
ditions required. Effective work on intestinal amoebae, for example, has been 
possible only within the past two decades, since Boeck and Drbohlav (1) in- 
itiated the first successful culture method for Endamoeba histolytica in the pres- 
ence of a bacterial fllora. During the intervening years additional culture media 
have been developed empirically for intestinal amoebae (especially E. histo- 
lytica), always with the condition that bacteria must be present; derivatives 
of hen’s egg plus supplement (2, 3, 4); asparagin-agar plus horse-serum overlay 

(5) ; liver-infusion agar or Loeffler’s dehydrated serum plus serum-saline overlay 

(6) ; beef-heart infusion (7); peptone-meat-extract infusion (8); etc. 

A beginning has been made in the analysis of factors influencing the growth 
of E. histolytica. Dobell and Laidlaw’s extensive study (2) included incomplete 
data on tolerance to various physicochemical conditions, influence of the bac- 
terial flora, factors inducing encystation, etc. Snyder and Meleney have demon- 
strated that factors inducing excystation are simpler than those controlling 
growth (9), and the same authors (10) produced evidence to show that anaero- 
biosis and cholesterol are growth requirements. Chang has contributed careful 
studies of the relation of pH to encystation (11) and of the relation of oxida- 
tion-reduction potentials to growth and encystation (12). Rees and his co- 
workers have contributed the valuable technique of isolating E. histolytica 
with single strains of bacteria (13), and have been using such cultures to test 
' the influence of vitamins and other substances when added to a deficient basal 
medium containing egg-white. This approach offers real promise of achieving 
bacteria-free cultivation and thus truly controlled experimental conditions. 
The qualitative influence of various chemical agents has been reported frequently, 
but conflicting results and uncontrolled conditions leave much to be desired. 

Analysis of the growth requirements of microorganisms necessarily involves 
the reactions of populations, although the present authors have been unable 
to discover any studies of E. histolytica in which the course of population growth 
has been followed. Indications of cyclical trends have been noted by various 
investigators. For example, Craig (14) summarized many years of outstanding 
experience with E. histolytica by stating that “the number of amebae present 

* This investigation was supported by a grant from the Abbott Fund of Northwestern 
University. 
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in. the culture varies considerably at daily intervals and there appears to be 
some indication of a more or less regular cycle in the growth and multiplication 
of the organisms so far as numbers are concerned” (p. 241). It was decided 
to attempt to trace the growth of populations of E. histolytica, to permit com- 
parison with other microorganisms and to express amoebic growth as a function 
of other variables operating in the culture medium. 

MATERIALS AND METHODS 

The NRS strain of E. histolytica was used in these experiments.^ To obtain 
a more uniform stock a clone was isolated in 1943 and has been maintained 
since then. The associated bacterial flora includes three gram-negative bacilli, 
one of which is a strain of Escherichia coli, while the others seem to be enteric 
variants which do not match any species in Bergey (15).® This amoeba-bacteria 
combination has been used in all the experiments reported here, although com- 
parative runs made with less homogeneous stocks of amoebae have given similar 
results. 

Growth was studied in the media of Cleveland and Collier (6) (liver-infusion 
agar plus serum-saline overlay) ; Dobell and Laidlaw (2) (inspissated whole-egg 
slants plus serum-saline overlay); and Balamuth and Sandza (4) (buffered, 
aqueous egg-yolk infusion). Four modifications of the last were compared: 
stock infusion (four yolks in 250 ml. medium) ; stock infusion containing 0.5% 
Wilson liver concentrate powder 1-20; stock infusion containing 4% horse 
serum; dilute infusion (two yolks in 250 ml. infusion). The above media were 
carefully chosen in order to compare the growth-promoting quaUties of liver- 
and egg-media in the diphasic and monophasic condition. Aqueous egg-yolk 
infusion seemed to offer special possibilities because it contained less complex 
nutrients than the other two media and did not stimulate bacterial growth as 
strongly. 

Purified rice starch in 20-mgm. amounts was added as supplement to all 
cultures, and tlie amoebae were conditioned in a given medium for several weeks 
before each experimental run. 

Large Pyi’ex test tubes (20 x 2.5 cm.) were used as culture vessels, vdth 40 
ml. medium per tube. Each experimental tube received a one-ml. inoculum 
from a thoroughly mixed 48-hour stock culture. All experiments ivere con- 
ducted at least twice, and in each run duplicate tubes were used together vfith 
controls to test the effect of stirring and remowng medium. It was necessary 
to extract media for counting purposes from veil-stirred tubes, owing to the 
clumping of amoebae in the butt. 

The counting techniques were adapted from standard methods. The bacterial 
population was counted by the decimal-dilution-plate method (16), employing 
one-ml. .samples of medium and tluough trial lams adjusting the terminal dilu- 
tions to weld appro>dmatelj' 30-300 colonics in nutrient agar plates. Plates 

- Obt.nincd in 1913 throiigli the courtesy of the Army Medical School. 

* Work is in progress in this laboratory analyzing the relative influence of this flora on 
the growth of E. hislolylica. 
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were prepared for each of the last tr\vo dilutions, to obtain a general check, and 
were incubated for 48 hours before counting. The amoebae were counted on 
Spencer bright-line haemacytometers by Paulson’s method (17), using the 
average of six counting squares for each point on the growth curve. Deter- 
minations of pH were made electrometrically uith a Coleman pH meter (model 
3D), using for each test 0.4 ml. medium in a micro-chamber glass electrode. 

One special series investigated the effect of using preconditioned stock egg- 
yolk infusion. T^vent 5 ’’-four-hour cultures of the bacterial flora alone in this 
medium were subdi^’ided into three fractions: heat-treated (autoclaving for 
20 minutes at 15 pounds pressure), Seitz-filtered, and untreated portions. The 
usual inocula of bacteria and amoebae were then added to each tube and growth 
was traced. At the time of inoculation, therefore, the untreated fraction con- 

TABLE I 


Summary of data* showing growth of populations of Entamoeba histolytica and the associated 

bacterial flora in several culture media 


COT.TURE ICEDIVU | 

INOCULUM 

(no. per cu. mm.) 

YIELD (NO. PER CD. IDI.) 

Bacteria 

(X10«) 

Amoebae 

Bacteria 
(X 10>) 

Age 

Amoebae 

Age 





hrs 


hrs. 

Balamuth and Sandza 

7.9 

5.0 

304 

80 

397 

73 

Balamuth and Sandza -f horse serum. 

9.6 

6.9 

339 

61 

359 

59 

Balamuth and Sandza 4- liver ex- 





1 


tract 

14.9 

12.3 

610 

53 

486 

52 

Dobell and Laidlaw 

16.7 

3.7 

568 

72 

403 

78 

Cleveland and Collier 

17.5 

12.3 

510 

94 

634 

61 


* The figures in each case represent the mean values of at least four individual experi- 
ments. 


tained a 24-hour-old population of bacteria, while the other two tubes contained 
no viable bacteria. 


REStTLTS 

1. Growth in the standard media. The data in the present experiments offer 
several aspects for study. The comparative yields of bacteria and amoebae 
in the different culture media'* may be observed in table 1, while the course 
of growth lends itself most readily to graphical representation (figs. 1-6). 

Table 1 indicates that, in general, higher 3 delds of both bacteria and amoebae 

* Counting techniques using small samples of populations inevitably introduce vari- 
ability in results. In the present experiments this problem has been recognized by running 
duplicate tubes, repeating experiments, making several counts at each time interval, and 
plotting the data to obtain a general check on the trends of growth. No specific claims are 
made as to the absolute values obtained, but the conclusions reached seem justifiable on the 
basis of the consistent differences in values at different ages and between different culture 
media. 
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were produced in the richer, more complex media. The table also discloses 
a higher average inoculum in these media, although no specific attempt was 
made to study the influence of size of inoculum upon yield. In examining 
specific experiments, however, no regular correlation could be found. Thus 




ia one run involving Cleveland and Collier’s medium, a relatively small bacterial 
inoculum (7.4 X 10* per cu. mm.) produced a relatively large bacterial yield 
(606 X 10’ per cu. mm.), compared to the average. A similar lack of correlation 
was evident in some cases of amoebic growth; for example, in a run involving 


pH • VALUES 




GROWTH CYCLE OF FOPOTATIONS OF B. HISTOLYTICA 


776 


two cultures of Balamuth and Sandza’s egg-yolk infusion plus 0.5% liver con- 
centrate. A constant bacterial inoculum in both cultures of 12 X 10® per cu. 
mm. and differing concentrations of amoebae (16 and 5 per cu. mm.) produced 
corresponding amoebic yields of 458 and 606 pei cu. mm. Bi short, the in- 
dividual yields seemed to be a closer function of the media themselves than of 




AGE IN HOURS 

Fro. 4. The course of growth of populations of E. histoloytica in the culture media 
of Balamuth and Sandza containing 4% horse serum (C) and of Dobell and Laidlaw (O). 


the size of the initial population, as would be the case if the important limiting 
factor were in the growth-promoting capacity of the nutrients. 

The course of growth in the several media was plotted on typical growth curves. 
Each curve describes a representative experiment, in contrast to the avcratje 
values given in table 1. The curves for bacterial growth and pH changes have 


VALUES 
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been separated from amoebic growth for purposes of clarity, and tlie media 
have been grouped to permit comparison between standard media and mod- 
ifications of BalamutU and Sandza’s medium made up to simulate tliesc in 
regard to certain nutrients. 



Fig. 5. The course of bacterial growth in the culture media of Balamuth and Sandza 
containing 0.6% Wilson liver concentrate (C); and of Cleveland and Collier (O); and 
changes in pH (• B. and S. plus liver; X C. ana C.). 



Collier (O). 

The growth curves of the bacterial flora and amoebae typically assumed the 
classical bacterial pattern in each medium, exhibiting characteristic phases of 
lag, logarithmic growth, negative growth acceleration, maximum stationary 
growth, and accelerated death. It is strildng that the lag phase was relatively 
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brief for the bacterial flora, w’hile it was relatively prolonged for the amoebae. 
The logarithmic phase of amoebic growdh began in all cases between 12-24 
hours. It is clear, how^ever, that at 24 hours more abundant gro^vth was at- 



AGE IN HOURS 

Fig. 7. The course of bacterial growth and changes in pH in fractions of the culture 
medium of Balamuth and Sandza preconditioned by growth of the bacterial flora and then 
treated in different waj^s before adding the usual inoculum: A (heat-killed flora) ; B (Seitz- 
filtered medium) ; C (untreated) ; D (control, as in fig. 1) . 



AGE IN HOURS 

Fig. 8. The course of growth of populations of E. histolytica in the culture medium of 
Balamuth and Sandza preconditioned by growth of the bacterial flora and then treated 
in different ways before adding the usual inoculum: A (heat-killed flora); B (Seitz-filtered 
medium); C (untreated); D (control, as in fig. 2). 

tained in those cultures showing greater initial bacterial growth (cf. figs. 1-2 
wdth 5-6). Each class of bacteria-amoeba curves inchoates this temporal de- 
pendence of beginning amoebic growth upon prior bacterial growth. 


778 


WlJjIAAn HALAMUTII AND 7\r.TTY HOWAnD 


The onset of amoebic growth was not dependent \ipon a particular pll value 
in these experiments (figs. 1, 3, 5). There was a drop in pH during the first 
several hours in all cultures, which was correlated to rapid multiplication of 
bacteria. This was followed by a gradual shift toward the alkaline range. 
There was less fluctuation of pH in Balamuth and Sandza’s medium, owng 
probably to the greater efficiency of its buffer system (11). In the general 
range tested in these cxTicriments, pH did not seem to play an important role 
in limiting growth. 

Qualitative observation of the amoebae shows that they uniformly underwent 
"shock reaction” at the outset, rounding up and eliminating some ingestd. 
During the first 6-12 hours, in fact, there was an actual decrease in number, 
and degenerating individuals could be seen. This was followed by marked 
activity on the part of the survivors and a growth rate of spectacular proportions, 
as evidenced by the steep slope of the growth curves. Although only living 
amoebae were counted (as judged by retention of a sharply refractilc boundary 
of the body), there was definitely a higher percentage of active trophozoites 
in the egg-media than in the liver-media. There were evidences of enc 3 ’^stment 
in the latter, together wth many sluggish, vacuolated indi\dduals even during 
periods of rapid growth. 

Control tubes were set up with each scries and were compared with experi- 
mental tubes only at 48 and 96 hours to test the influence of stirring and re- 
moving medium. The data indicate that there was consistently less bacterial 
and amoebic growth in the control tubes, despite the removal of medium from 
the experimental tubes. In one run in Balamuth and Sandza’s medium, for 
example, the population of amoebae in the experimental tube at 48 hours was 
, 452 per cu. mm. while the control tube contained 203 per cu. mm. The bac- 
terial flora showed the same trend to a lesser degree. Similar data were gathered 
for each series. Stirring apparently had a positive influence on gro^vth, and 
this factor warrants additional study. 

The specific influence of rice starch upon amoebic growth was demonstrated 
in an interesting manner. It had been evident that the media became depleted 
of most of the rice starch as the cultural cycles waned; the influence of this 
constituent was tested, therefore, by adding 6-mgm. amounts of rice starch to 
some of the series in the phase of accelerated death. A marked, specific stim- 
ulation of amoebic growth could be noted in the egg-meefia while slight or no 
effect could be observed in the liver-media. Figs. 3 and 4 illustrate a positive 
effect in Dobell and Laidlaw’s medium: the addition of rice starch at 122 hours 
had the pronounced effect of transforming rounded, vacuolated trophozoites 
into actively feeding individuals, even though the bacterial growth continued 
to decline. This was shown even more strikingly in a similar experiment in- 
volving two cultures in Balamuth and Sandza’s stock infusion, the curves drawn 
in figs. 1 and 2 representing an untreated tube while the companion culture 
(not depicted) showed a similar trend until rice starch was added at 98 hours. 
In the follo^ving 24 hours the bacteria had continued to decline in both tubes 
(in the companion culture from 303 X 10* per cu. mm. to 145 X 10* per cu. 
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min.) I wMle the amoebae increased sharply in the companion tube from 124 
per cu. mm. to 220 per cu. mm. The absence of this effect in liver-media is 
illustrated by Cleveland and Collier’s medium in figs. 5 and 6. The addition 
of rice starch at 70 hours did not check the decline of the amoebae, while the 
bacterial population remamed about the same. In no case did the late replenish- 
ment of rice starch give higher maxima than achieved in the earlier phases of 
grovirh, but the response does indicate that the basal constituents of egg-yolk 
media are not exhausted as rapidly as liver-media, and that rice starch has a 
specific effect upon amoebic growth. 

2. Growth in 'preconditioned media. A group of experiments was designed 
to attempt to cast some light on the nature of the factors conditioning amoebic 
groviih. One of these experiments is summarized in figs. 7 and 8, although 
two separate runs gave similar results. Balamuth and Sandza’s medium was 
used because of its aqueous base and ease of handling. 

Certain points desenm emphasis. Culture D served as a control, involving 
non-preconditioned medimn as in the case of figs. 1 and 2, and showed a similar 
though slight^'- lower groviih response. The curves for cultures A and B in- 
dicate that heating and filtration did not differ significantly from each other 
in affecting the potentialities of subsequent bacterial growth (fig. 7). In the 
case of the amoebae, however (fig. 8), both the untreated (C) and heat-treated 
(A) media exhibited shorter lag phases than the control (D), suggesting that the 
bacterial flora provided a heat-stable factor (or factors) sthnulatmg the onset 
of amoebic growth. This influence was not directly dependent upon the con- 
tinued presence of the bacteria, since the heat-treated medium (A) produced 
more amoebae and less bacteria than either cultures C or D. Maximal amoebic 
growth was reached earlier in ail the preconditioned media than in the control. 
Seitz-filtration (curve B) apparently removed some factor (or factors) having 
specific influence on the amoebae, since the lag phase was definitelj’’ prolonged 
despite the fact that bacterial gro^vth paralleled that of the heat-treated culture 
(A ) . This factor must be heat stable, and might well comprise nutrient products 
of bacterial metabolism. Finally, it might be noted that culture A at 75 hours 
received additional rice starch, owing to its depletion j this resulted as before 
in selective stimulation of amoebic growth. 

DISCUSSION 

To achieve the goal of bacteria-free cultivation of E. histolytica demands the 
analysis of all factors operating in the in vitro microcosm containing amoebae 
and their associated bacterial flora. The approach opened by the present work 
emphasizes some of the general cyclical changes which occur in amoebic cultures. 
The information thus obtained is simply a starting-point for more precise control 
of the milieu, including study of the relative contributions of members of the 
bacterial flora, the relation of size and growth phase of inoculum to size of yield, 
the influence of physicochemical factors (e.g., oxygen tension, substratum) 
and of specific nutrients — ^in short, progressive substitution of known for un- 
sown factors. It is hoped that valuable inaght may be gained by comparing 
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rates of response between experimental and control cultures, as in the above 
case mvohdng preconditioned media. 

The basic question raised by the present work concerns the lag phase in amoe- 
bic growth, and the effect on it of the bacterial flora. It is obidous that an 
inhibitory influence acts upon the amoebae during the first several hours of 
cultivation, following which time highly suitable conditions are introduced. 
Changes in pH have been eliminated as a primary influence (oving to lack of 
correlation in figs. 1, 3, and 5). The presence of excess free ox^’^gen is definitely 
harmful to E. histolytica, as hanging-drop cultures demonstrate. This factor 
seems to be ruled out as primary in these experiments, however, since it was the 
same at the outset in the treated, preconditioned media and the stock egg-yolk 
infusion, although the lag phases were very different. Moreover, the aqueous 
media were boiled and cooled to 37°C. just before use to minimize the effect 
of free oxygen, and the presence of high concentrations of aerobic bacteria would 
of itself render this factor negligible (18). 

From these considerations it seems probable that the bacteria must prowde 
some of the responsible factors during the first few hours of cultivation. This 
view is supported not only by the use of preconditioned media, but also by the 
fact that there is a shorter lag in amoebic growth in those media in which early 
bacterial growth is greater (cf. figs. 1 and 2 vith 5 and 6). It is especially upon 
the early phases of growth, therefore, that more attention must be focused. 

The specific role of the bacterial flora is still imdetermined, but two obwous 
possibilites exist: 1) that products of bacterial metabolism are used by the 
amoebae; 2) that the medium is adjusted through bacterial activity to a physi- 
cochemical range in which the amoebae can survive. The first possibility 
has not been explored. Chang (12) recently has offered evidence to show that 
the bacterial flora adjusts the oxidation-reduction potential of the medium to 
a highly reduced level, at which the amoebae thrive. In the absence of this 
reduced state the amoebae grow poorly and eventually die. This general con- 
dition is not unexpected in view of the anaerobic life of E. histolytica (10), but 
Chang’s work opens a fruitful approach in correlating amoebic growth to the 
physicochemical state of the medium. The use of preconditioned media as 
in the present experiments may cast light on the relative importance of the 
adjustment of the medium and specific products of bacterial metabolism in 
promoting amoebic grovi,h. 

The stimulating effect on growth brought about by frequent agitation of 
the medium maj’' have a simple explanation. The amoebae (and some bac- 
teria) grow in local “nests” at the bottom of culture vessels. Stirring breaks 
up these clumps and scatters individuals over the substratum. In this way 
more effective use is probabty made of the available bottom surface. 

Counting bacteria offers more inherent difficulty than amoebae, oving to 
the tendency of some bacteria to grow in masses and of others to grow in short 
chains. The present data indicate, however, that it is possible to obtain a 
roughly quantitative expression of bacterial growth ivith good agreement a''v 
different times and by different counters. Several kinds of agar were compared' 
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but Bacto-nutrient agar proved as suitable as any. Since the last two dilutions 
were plated in each case an independent check was obtained, and some series 
were discarded when it became evident that experimental errors had occurred. 

The buffered, aqueous culture medium of Balamuth and Sandza offers several 
advantages over certain other standard media. It is practically colorless, 
it can be autoclaved and handled easily, and its nutrient base can be modified 
vdthin fairly vdde limits and still support growth. The present experiments 
indicate again (cf. 19) the dispensability of liver- and serum-supplements in 
the cultivation of B. histolytica. On every count this medium seems preferable 
to Dobell and Laidlaw’s medium for routine cultivation. Cleveland and Col- 
lier’s medium produced greater total yields in advanced stages of cultivation, 
but addition of liver supplement to Balamuth and Sandza ’s medium gave higher 
yields through the first 24-36 hours of grovdh (for a typical case see fig. 6). 
Cleveland and Collier’s medium is difficult to handle because of extensive gas 
formation and the tendency of amoebae to clump beneath the easily loosened 
agar slant. Repeated observations showed greater uniformity of active trophic 
amoebae in egg-media than in liver-media, and this has led the authors to prefer 
the former in maintaining stock cultures. In the search for factors influencing 
amoebic growth, it is believed that aqueous egg-yolk infusion offers inviting 
possibilities. 


smaiARY 

Growth of E. histolytica was traced in the culture media of Cleveland and 
Collier, Dobell and Laidlaw, and Balamuth and Sandza. The grovi;h curv^es 
of amoebae and bacteria followed the classical bacterial pattern, although higher 
jnelds and greater change in pH occurred in the richer media. The lag phase 
of amoebic grovdh was relativel}’’ prolonged in comparison to bacterial growth. 
The data suggest a conditioning effect of the bacterial flora on the medium 
rendering it more suitable for amoebic grondh. 

Analj’^sis by means of grovdh curves permitted the demonstration tliat rice 
starch had a specific growth-promoting influence on amoebae in late stages of 
cultivation, even though bacterial growth continued to decline. 

Experiments show'ed that the lag phase of amoebic growth was shortened 
in media preconditioned by groeth of bacteria alone. The data in general 
suggest the stimulation of amoebic growth by a heat-stable factor (or factors) 
produced bj’- bacterial metabolism. 
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CULTIVATION OF ENDAIMOEBA HISTOLYTICA IN ARTIFICIAL 
3\IEDIA FROiM CYSTS IN DRINKING WATER SUBJECTED TO 

CHLORINATION* 

ELERY R. BECIvERJ CRAIGHILL BURKS> and EDWIN ICALEITA’ 

The purification of drinking water for troops in the field is of paramount im- 
portance and a problem of continuing investigation. It is generally agreed that 
chlorination will destroy'- pathogenic bacteria but no agreement has been reached 
as to practical methods for the killing of the c^’-sts of Endamoeba histolytica. 
Recently Chang (1) has indicated that, under properly controlled conditions 
chlorine may be used to loll these cysts along with the bacteria. He has stated 
that, at 18“C and a cyst density of 30-62 per ml., a concentration of chlorine 
of 2 parts per million Arill suffice promded the pH of the water is kept below 7.4 
and organic matter in the water is low. 

In stud 3 Tng his report it was noted that he used cysts derived entirely from 
amoebae that had been carried in the laboratoiy on artificial media for a con- 
siderable length of time. Since it is ob\dous that contamination of water will 
be by cysts derived from man or possibly other animals, and since these may well 
be more resistant than cultured cysts, it was decided to extend the work using 
cj^sts secured from human carriers. If these cysts were also uniformly killed 
then it would be possible under proper control to use chlorine for rendering 
water safe to drink in the field. 

Chang has outlined carefuUj’' the conditions under which chlorine may be 
expected to kill the cysts in his Chart 1. At a pH of 7, temperature 18®C., 
cyst density of 30-62 per cubic centimeter, and total organic nitrogen of less 
than 0.2 part per million, the followng relations prevailed between contact 
periods and lethal levels of residual chlorine; for 15 minutes contact, 4.0 parts 
per million of residual chlorine was cysticidal; for 30 minutes, 3.0 p.p.m.; for 
60 minutes 2.0 p.p.m.; for 120 minutes, 1.0 p.p.m. These conditions were 
reproduced as closely as possible in the e.xperhnents here reported. Chang also 
reported that the oxidation-reduction potential of chlorinated water as expressed 
in millivolts was a more accurate measure of cysticidal efficiency. No equip- 
ment was available at this overseas station for taking such measurements. 

MATERIALS 

The water used in the experiments was taken from a tap in the laboratory- 
It came from a 60 foot tube well from which it was pumped into a tank and dis- 
tributed by pipe to the camp. It was ordinarily clear, with a pH of 6.4 to 6.6. 

* This investigation was carried out at the Ninth Medical Service Detachment (Labora- 
tory), near Chabua, Assam, whose commanding officer, Lt. Col. H. A. VanAuken, authorized 
the project. 

1 Major, Sn.C. 

» T/4 Med. Dept. 

3 T/4 Med. Dept. 
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The cysts of Endamoeba Mstohjtica were collected from human feces. About 
50 grams of feces heavily charged with cysts were mixed in several hundred cubic 
centimeters of distilled water and the mixture poured through a fine screen to 
remove coarse particles. The filtrate was diluted to 1100 cc. in a graduated 
cylinder, shaken, and left to stand overnight. The supernatant was siphoned 
off, the sediment diluted mth distilled water and divided into 50 cc, centrifuge 
tubes. The sediment was washed repeatedly with centrifugalization, usually 7 
or 8 times, imtil the supernatant was clear. After this treatment practically 
no mucus or odor of feces remamed in the finely divided residue. The latter 
was diluted %vith about 300 cc. of distilled water, counts made to determine the 
cyst density, and the cyst suspension was stored in the refrigerator until used. 
Cysts of the "large race” of Endamoeba histolylica from 3 different soldiers were 
employed in the experiments. Several attempt were made to experiment with 
a "small race,” but it could not be gro^vn in culture. 

The Chang (2) (1942) modification of the Cleveland medium and our own ' 
modification of the Boeck medium were used for culturing Endamoeba histolylica 
from cysts. The slants for the former were made according to the directions on 
the label of the bottles of Bacto Entamoeba Medium (dehydrated). The overlay 
was made according to Chang with slight modification. It consisted of 1 part 
fresh sterile inactivated human serum and 10 parts of the following solution: 
NaaHPOi, 4.447 gm.; ICHjPO^, 0.269 gm,; NaCI, 8.0 gm,; distilled water, 1000 
cc. The solution was autoclaved before mixing with the serum and the mixture 
was then passed through a Seitz filter to insure sterility. The slants for the modi- 
fied Boeck medium were made as follows: 60 cc. dried whole egg powder (Army 
issue) were thoroughly mixed wth 35 cc. of Locke’s solution and 135 cc. of dis- 
tilled water with the aid of glass beads. Four to five cubic centimeters of this 
mixture were placed in each tube and the tubes plugged. The slanted tubes 
were buried in saw dust and autoclaved for 10 minutes in flowing steam, followed 
by autoclaving for thirty minutes at 15 lbs. After cooling the tubes were re- 
moved from the sawdust and the overlay, consisting of Locke’s solution, 8 parts, 
and sterile human serum, 1 part, added. Both types of medium were incubated 
48 hours for the sterility test. Just before use to each medium was added a 
small amount of sterile rice flour. We preferred the Chang-Cleveland medium, 
for at times a breakdown was noted in the egg slants, 

PHOCEDtmE 

The steps in the experimental procedure adopted after a number of preliminary 
trials were as follows;- 

1. 1200 cc. of tap water in a 2 liter Erlenmeyer flask placed in a water bath 
were brought to 18°C. 

2. 200 cc. of the water were withdrawn from the flask and mixed with suffi- 
cient cyst suspension so that when returned to the flask the final concentration 
would equal 25 to 40 cysts per cubic centimeter. 

3. To the 1000 cc. of water remaining in the 2 liter flask sufficient 0.25 per cent 
calcium hypochlorite solution was added to bring the residual chlorine to the 



7SG 


li:. n. HKCKKU, C. I5UJ{KS AND K. KADEITA 


uKsvhrs 

'('able 1 records 22expcriinon(s in whicli i(. was possij)lo (o (‘ulturc E. histolytica 
from eys(s exposed <o vaiyiiig conecnf rafioiis of (;h1orine for dilTcretji. j)eriods of 

TAIPJO 1 


Chlorine conccnlralion and tola! N in parts per tnillion linrinij eonlaci periods at ends of tehich 
positive Eiulainocliii liislolytira cullurcs urre oldaincd from Ireated rralrrs adjnslrd 

to IS°C. and pi! 7.0 


KXrilRIMIlNT 

i HOST souRci: or cvsts 

CONTACT I’llRlon 
(SIJNUTCS) 

Rr.SIDUAI. 

CIILORIST AITI.R 10 
MIS'. COS'TTACT* 

RrsiDi;\LcnLo- 
RiNH ATr.vnor 
CONTACT rnRioi; 
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\ 

A 
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20 

Not taken but 

2.0 

0.40 



30 

not less tlian 

2.0 

O.'IO 



GO 

2.0 

1.5 

0.40 



120 


0.5 

0.40 

B 

Taylor 

30 

2.0 

2.0 

0.32 



60 1 

2.0 

l.S 

0.32 



120 ^ 

2.0 

1.0 

0.32 

C 

Picottc 

15 i 

2.0 

2.0 

O.IG 


1 

30 

2.0 

2.0 

0.16 


i 

60 

2.0 

2.0 

O.IC 



120 

2.0 

1.5 

O.IC 

D 

Picottc 

30 

2.0 

2.0 

0.16 



60 

2.0 

1.5 

0.16 



120 

i 

, 2.0 

i 

1.0 

0.16 

E 

Picottc 

30 

2.0 

2.0 

! 0.16 

i 


GO 

2.0 

2.0 


F 

Picottc 

GO 

2.0 

1.5 

0.20 

G 

Picottc 

30 

lO.O-h 

8.0 

0.20 

H 

Picottc 

30 

5.0 

3.5 

0.28 

I 

Picottc 

30 

5.0 

3.0 

0.2S 

J 

Picottc 

30 

S.O 

C.5 

0.2S 

K 

Wilson 

i 60 

10.0-h 

10.0 

0.12 


* Values of “2” were probably actually higher, because the testing set would not read 
higher than 2 p.p.m. 


time. Tltere were also many other experiments in which cultures were not ob- 
tained. 

It will be noted that most of the tests were carried out with a concentration of 
2 parts per million of residual chlorine, tested 10 mmutes after adding the cysts. 
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'riii.c concentration was used for the most, pari because it is not too great a de- 
parture from standard Army practice which requires 1 to 2 p.p.m. in the Lyster 
hag 10 minutes after mixing hypochlorite and water and because of the results of 
Chang rejKirtcd above. The total nitrogen varied from 0.12 to 0.40 ji.p.m., a 
nmge not excosstve in comparisori with Chang’s conditions of 0. 1-0.2 p.p.m. 

After the failure to destroy the cy.sts of E. Imlohjiica at the lower chlorine levels 
it was tlecided to try greater concentrations. 'J^ablc 1 shows that viable cysts 
remained in the. water after exposure to 5, S and 10.0 parts per million of chlorine 
with total nitrogen of 0.2 to.0.2S p.ji.m. for periods of 30 min., and in one case 
after at least 10 p.p.m., for GO minutes. In this instance the total nitrogen was 
only 0.12, the cy.sts having been passed through a sand filter aji inch thick before 
being waslual with the centrifuge. The sand filter was very effective in exclud- 
ing much particulate matter other than c^'sts. 

DISCUSSION' 

It is evident from the results presented that destruction of the c.ysts of E. 
Iiistobjlica by Inqiochloritc chlorination with the addition of adjustment of the 
pi I to approximate neutrality, cannot be accomplished with any certainty. 
'I'lie conditions maintained in the experiments were close to those recommended 
by Chang. Our work dilYcrod in three respects: (1) The cysts were obtained 
direct l,y from human hosts while his came from cultures that had been carried 
for a considerable time on artificial media; (2) our cysts were from 3 different 
human hosts; (3) a different cultivation procedure was used. 

The reasons for using cysts derived from tlie human host are given above. In 
culturing Ahc cxiiosed cysts our practice was first, to transfer the sediment to 
starch-free tubes. 

At the end of 24 hours transfers were made to the same medium to which a small 
amount of rice starch had been added. If these subcultures were positive at the 
end of 48 hours the exiicriment was recorded as positive. If no growth was 
obseiwed the sediment in each tube was again subcultured. If motile tropho- 
zoites were found in anj’- of these cultures the result was considered positive. 
Chang followed the routine procedure of inoculating one tube of medium and 
examining it from the fourth to the seventh day, although he did make a few 
subcultures. He states that in no case did a negative cultui'e turn out positive on 
subculture. In a number of instances our second subculture was positive when 
the first had not been. 

It was our experience that it was much easier to cultivate trophozoites from 
ej'^sts in 2 p.p.m. of chlorine for 15 to 20 minutes than it was following longer 
exposure to this or higher concentrations. There were many failures to obtain 
positive cultures, but these are not recorded here because, as is well known, there 
are many factors other than chlorination which govern success or failure in cul- 
turing from cysts of E. histolytica. In addition, the incubators available were 
veiy difficult to regulate, and it would have been impossible to differentiate 
between cultures lost through chilling or overheating and failure to grow owing 
to chlorination. Therefore not much significance could be attached to negative 
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results. It is our belief, however, that, chlorine cither kills a great many of the 
cysts or induces in them a lag period from which some of (hem are able to re- 
cover in due time in cult ure media. It i.s conceivable t hat both phenomena occur. 
Whatever the explanation, the i)ractical .significance is that since chlorine docs 
not kill all of the cysts, it is unsafe to depend upon it for i-endcring drinking water 
potable so far as possible contamination with E. hislohjlka is concerned. 

SUMMAKY AXD COX'CLUSIOXS 

1. Experiments arc reported on the cultivation ot the cysts of Emla7nocha 
Mslohjlica following controlled expo.suro to varying strengths of re.sidual chlorine 
in water. 

2. In a number of instances the cy.sts remained viable after such treatment. 

3. Chlorination of drinking water in jn-actical amounts cannot be depended 
upon to dcstroj’’ all of the cysts of E. Imlohjlica. 

bihlioc:r..vpiiv 
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STUDIES OF THE DISSEMINATION OF CYSTS AND OVA OF HUMAN 
INTESTINAL PARASITES BY FLIES IN VARIOUS 
LOCALITIES ON GUAM 

A. H. HARRIS* AND H. A. DOWN-” 

From the U. S. Naval Medical Research Unit No. 2 

The prevalence of intestinal parasites among the natives of Guam has been 
amply demonstrated in studies undertaken by members of the Parasitology 
Laboratory of this Unit under the direction of Lt. Commander N. R. Stoll, H(S), 
USNR (1). Among the possible modes of spread of intestmal parasites on the 
island, dissemination of cysts and ova bj' flies was considered particularly worthy 
of investigation, because of the fact that numerous flies are found in certain of the 
native villages. Clmjsomya megacephala, a species much larger than the house 
fly, is the most conspicuous one. Its body length measures up to 15 millimeters. 
It is well known that flies maj’^ be involved in the transmission of parasitic forms. 
Herms (2) credits Nicolle with having done the most extensive and careful work 
on the dispersal of eggs of parasitic worms by the house fl 3 ^ Nicolle noted that 
while ova could be conve 3 ’'ed from excrement to food either on the surface of the 
house fl 3 ’'’s body or in the intestines, the latter mode was practical only when the 
diameter of the egg was under 0.05 mm. He further found that eggs with a diam- 
eter of up to 0.09 mm. maj'^be convej'-edon the external surface; however, these 
eggs adhere to the bodj'' of the fl}’’ for onh’' a short time, wiiile those harbored in 
the intestines maj’- remain there for tAvo daj'^s or longer. Herms gives an exten- 
sive list of helminths transmissible bj”^ flies. With I'egard to intestinal protozoa 
he states that Roubaud found that c.ysts of Endamoeha coli, Endomoeha hislolylica 
and Giardia lamhlia passed through the intestine of the fl}’' uninjured, and that 
free amoebae (both coH and hislolylica) when fed to flies were found dead in the 
fly’s intestine in less than an hour; also that Root found motile Chilomaslix mes- 
nili in a Aj^’s feces seven mmutes after it had fed cn a stool containing them. 
Craig and Faust (3) have summarized im’estigations of the role of flies in the 
spread of amebiasis: “It has been shown bj"^ several investigators (Thomson and 
Thomson, 1916; Weiwon and O’Connor, 1917; Roubaud, 1918; and Root, 1921), 
all of whom used the eosin-staining viability criterion, that the cA^sts may be found 
in a viable condition in the droppings of flies for as long as 48 hours after those 
insects liaA^e fed upon contaminated feces. Pipkin (1942), using culture technics, 
found that filth flies of five common species could retain these cj-sts for 8G to 258 
minutes and later deposit them in a A'iable state. Fiye and Melenej' (1932) found 
C3’'sts of the amoeba in the intestine of flies caught in 3 of 12 houses Avhere indi- 
Auduals mfected A\ith the parasite resided. Both trophozoites and cysts of 
Endamoeha hislolylica maj" be found in the A-omitus of flies. Pipkin (1942) stales 

* Lt. Commauder, ?klC(S), USXll. 

- Lieutenant, HC, USX, 
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lhal trophozoilo.s wore oullivablo from the vomitus after periods of lietwccn 28 
and G1 minutes.” 


MCTHODS 

Lt. Commander G. E. Bohart, II(S), CSXR, and other members of the .staff 
of the F.ntomology Laboratory of this Unit provided us witli valuable information 



Tig. 1. A. Trap, wiUi bait cup, for catching flies. B. Trap (off its stand), bo.\, cover, 
cone, chimney, gauze disc and Petri dish, showing arrangement for removing live flies. 
C. The same, completely assembled. D. One chimney shown inverted, with cone read 3 'to 
be removed. Another chimney, with muslin cover. 


and assistance. Technics of catching flies alive, in the open, have been modified 
somewhat to meet our needs. 


The traps themselves are constructed of wood and wire screening along conventional 
lines, as indicated in figure 1. When in use, the trap rests above the ground on a support 
and over the container holding the bait. The two inch hole at the top is plugged with a rub- 
ber stopper. Catches are generally made over a two to si\ hour period. The bait usually 
used is fresh, normal feces, protected by gauze from contact with the flies. In and near 
dwellings, stale fish is used. 

In emptying the trap, the rubber stopper is removed and a plywood cover with a central 
hole of the same size is placed on top in such a manner that the hole in the trap is temporarily 
covered. Then a small, square, plj-^wood board, also with a hole of the same dimensions, 
is placed on top; this board supports a cone of wire screening with a small aperture at the 



DISSEAUNATION OF PAH^VSITES BY FLIES ON GUAM 


791 


apex. Over lliis cone a lantern chimney is inverted. A Petri dish containing a disc of 
absorbent gaurc has pre\’iouslj' been taped to the base of the chimney. When all has been 
assembled, the plj^vood cover is moved so that all holes are aligned and the assembly is 
lowered into the box. Since all light is thereby excluded from the trap, except that which 
enters through the hole in the top, the flics seek to escape bj' this route. Usually the trap 
becomes cmplj’ in two or three minutes. Once in the chimney, the flies are prevented by the 
cone from retreating. At this juncture, cone and cliimncy are inverted together so that the 
cone is uppermost . The latter is vngorously tapped to dislodge flies that remain on the outer 
surface of the cone, then quicklj' flipped off and replaced by a cover of unbleached muslin, 
subsequently fixed in place bj' a rubber band. A small hole in the muslin, closed by a cotton 
plug, permits the pipetting of sufficient 0.9 per cent salt solution onto the gauze to keep it 
damp while the flics ingest the moisture and deposit regurgitated liquids and fecal specks on 
the gauze. 

After .a period of time, generally from one to four hours, when the gauze appears to be 
well spotted, a few drops of chloroform arc put on the muslin cover. The asph 3 'xiated 
flics are removed, identified and counted. The moist gauze is thoroughl 3 ’’ washed in 0.9 
per cent salt solution. The fluid is then centrifuged at 2000 revolutions per minute, the 
supernatant is discarded, and a portion of the sediment is examined microscopically. An- 
other portion is mixed with a little scrum on a glass slide, fixed in Schaudinn’s fluid and 
stained with Heidenhain’s hematoxylin stain. The residue of the sediment is cultured on 
slants of Endamoeba medium (Difeo), to which has been added fluid consisting of five parts 
of Locke’s solution and one part of inactivated human serum, plus a two millimeter loopful 
or rice starch in the form of flour fine enough to pass through an SO mesh screen. 

The traps are not adapted to indoor use. The dejecta from flies in the kitchens 
of native homes are obtained in the following manner. 

A gauze disc, placed in an open Petri dish, is soaked in a small amount of normal blood 
serum and a minnow’s tail is placed in the center. The odor of the fish attracts the flies 
which ingest the serum and speck the gauze. After from one to four hours, the gauze is 
removed and handled according to the prescription in the paragraph above. 

Inditidual fly specks have been e.xamined in the following manner. 

hlicroscope slides freshly covered by a layer of serum are placed near a latrine in a native 
yard. When a slide is specked by a fly the former is placed at once in Schaudinn’s fluid. It 
is subsequently stained and examined microscopically. 

In addition to the e.xamination of fly dejecta to determine the presence of cysts 
and ova of medical importance in general, a special study has been made of the 
r61e of flies in the epidemiolog}’" of hookworm infection. The objective was to 
reproduce as closelj’' as possible the actual conditions found in native yards, in 
some of which food is prepared on outdoor tables and scraps are allowed to accu- 
mulate on the groimd where they attract swnrms of flies. The method adopted 
is as follows. 

Metal cans, size No. 10, with small perforations in the bottom, are filled with loosely 
packed, coarse earth and are sterilized by autoclaving. The earth is then saturated with 
rainwater. A morsel of frozen fish that has been allowed to thaw and to decompose slightly 
in a covered container in the laboratory is placed on top of the earth. The cans are 
protected by placing them in a cage of chicken wire, which is set in a shady spot in a 
native yard. The cans are left for a period of from five to seven days, after which time 
they are brought back to the laboratory. The surface of the earth is examined for the pres- 
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cnce of larvae. The upper one to two inches of earth arc then removed and examined by the 
Baermann technic. 

All of the observations reported here were made between October 1, 1945 and 
March 1, 1946. Most of the studies were undertaken in the Village of Dededo. 
This \’illage, in the north central part of Guam, was built in a new location after 
the reoccupation of the island by American forces. In this paper it is designated 
as Area A. A part of the old Village of Dededo remains; it is located near the 
ocean. It is designated as Area B. Except in the driest weather the ground in 
this area remains quite moist. As a corollary to the studies in Dededo an addi- 
tional study was made at a single location in Agana, near a shell-tom building 
housing a restaui'ant. This locality will be called Area C. Merizo is an old 
■\dllage near the southern tip of Guam. Flies were caught in two premises in this 
village, to be referred to as Area D ; one of the places was on slightly elevated 
ground (D-1), while the other was in a damp spot, being located near the bank of 
a stream and close to the ocean (D-2). 

RESULTS 

Endamoeha histolytica. Particular attention was paid to the dissemination of 
cysts of Endamoeba histolytica, being the incitant of one of the more important 
of the protozoan diseases of man. Five different areas were studied in Dededo 
Village, designated as Areas A-1, -2, -3, -4, and -5, all near latrines serving from 
one to four homes (see table 1) . These areas were chosen because analysis of the 
results of the survey to which reference has been made (1), indicated that the 
incidence of amebiasis was high (see table 2). In material obtained from flies 
trapped near the latrines in Ai-eas A-1, -2, -3, and -4 cysts of Endamoeba histolytica 
were identified. Both 12 mu and 8 mu cysts were cultivated and repeatedly 
subcultured from material obtained from flies in Areas A-1 and A-3. Eight mu 
cysts only were found in the catch at Area A-4; the strain was maintained in serial 
cultures. Attempts to cultivate the 12 mu and 8 mu cysts found in material 
from Area A-2 were unsuccessful, but they Avere positively identified by morpho- 
logical characteristics, including typical chromatoid bodies. In a native yard 
in the part of the old Village of Dededo that still remains (Area B), traps were set 
on two occasions. Eight mu cysts of Endamoeba histolytica were found on both 
occasions, and 12 mu cysts on one. The cysts were successfully cultwated and 
repeatedly subcultured. As a corollary to these studies at Dededo, an examina- 
tion was made of material from flies trapped in the rear of a public eating place 
in the Village of Agana, at a point about 20 feet from the only latrine in the vicin- 
ity (Area C). In spite of the fact that a careful examination of material from 
over 400 flies Avas made, cysts of Endamoeba histolytica were not found; the only 
parasitic form seen Avas one hookworm OAuim. This discovery was in striking 
contrast to our experience at Dededo. The incidence of intestinal parasitism 
among the citizenry of Agana has been found in the past to be high (4) and rec- 
ords of admissions to the Military Government (Civilian) Hospital indicate that 
the condition persists. Therefore the conclusion AA’-as draAvn that a majority of 
the flies must have fed in places other than the latrine. This belief was borne out 
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by information git^en by the proprietor of the restaurant who assured us that the 
pit of the latrine was burned out daily wath gasoline. At Merizo, in the rear of a 

TABLE 1 


Human intestinal 'parasites found in the dejecta of flies caught near five latrines and a garbage 

drum in the village of Dededo 


AREA 

LATRINE 

TOTAL NO. OR 

DATS or 
TRAPPING 

TOTAL NO. OP 
PLIES CAUGHT 

PARASITES IDENTIPIED 

. (A-l) 

serving lots no. 14-1, 
-2, -3, -4. 

15 

1359 

Endamoeba histolytica (12 mu 
and 8 mu cysts) 

Endamoeba coli 

Endolimax nana 
lodamoeba butschlii 

Giardia lamblia 

Chilomastix mesnili 
Trichomonas hominis 
Hookworm 

Trichuris trichhira 

Ascaris lumbricoides 

(A-2) 

serving lots no. 14-5, 
-6, -7, -8. 

6 

374 

Endamoeba histolytica (12 mu 
and 8 mu cysts) 

Endamoeba coli 

Endolimax nana 

Giardia lamblia 

Trichomonas hominis 

Hookworm 

Trichuris trichiura 

(A-3) 

serving lots no. 14-9, 
-10, -11, -12. 

1 

1 

411 

Endamoeba histolytica (12 mu 
and 8 mu cysts) 

Endamoeba coli 

Endolimax nana 

Giardia lamblia 

Hookworm 

Trichuris trichiura 

1 

(A-4) 

serving lots no. 17-1, 
-2. 

1 

19 

Endamoeba histolytica (8 mu 
cysts) 

(A-5) 

serving lot no. 13-2. 

2 

114 

Hookworm 

Trichuris trichiura 


GARBAGE BRUIT 




(A-l) 

serving lot no. 14-4. 

1 

1S6 

Hookworm 

Trichuris trichiura 

Ascaris lumbricoides 


house among whose inhabitants there had recentlj’- been a case of amebiasis, a 
small bush was foimd, about 10 feet from the kitchen porch, that appeared to be 
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a favorite resting place of flics. Material obtained from flies trapped at this 
spot (Area D-1), contained 8 mu cysts of Endamocha histolytica. Flics appeared 
to be abundant near the latrine of another lot in Mcrizo (Area D-2). This 
latrine was in a damp spot, being located near the bank of a stream and close to 
the ocean. Material from flies caught on the first occasion failed to reveal cysts 
of Endamocha histolytica. However, about two months later a trap was set in the 
same yard; on this occasion it was placed directly beside an outdoor table where 
food was being prepared. Eight mu cysts of Endamocha histolytica were identi- 
fied, cultured and successfully subcultured. All of the foregoing data were ob- 
tained in the examination of pooled fly specks that had been deposited on gauze 
moistened vith 0.9 per cent salt solution. 

TABLE 2 


An analysis of intcslinal parasitism in persons living in the part of Dededo Village included 
in the present study, prepared from data obtained in an earlier parasitological 

sttrvcy. ( 1 ) 



I.OT HO, 

JTUISBT.II OT 
IKKABt- 
TANTS 

1 

KUiUJER IK WHOSE STOOLS TIItSE PARASITES WERE TOUNP: 

i 

Endamoeia \ 
hislolytica j 

Giardia 

tamilia 

Other 

protozoa 

Hook- 

worm 

Trichuris 

trichiura 

A scans 
lumhricaiies 

(A-l) 

14-2 

11 


5 

10 

11 


1 

(A-1) 

14-4 

14 


6 

9 

14 


1 

(A-2) 

14-6 

i 5 


1 

4 

5 


2 

(A.2) 

14-7 



0 

6 

11 

11 

7 

(A-2) 

14-8 



0 

1 

6 1 

1 

6 

0 

(A-3) 

14-9 


0 

0 

1 

n 

4 

1 

(A-3) 

14-10 


2 

1 

5 

mm 

11 

1 

(A-3) 

14-12 


4 

4 

■I 

■■ 

11 

2 

(A-4) 

17-1 ■ 


3 

3 


5 

10 

0 

(A-4) 

17-2 

6 

4 

2 

0 

5 

6 

1 

(A-5) 

13-2 

9 

2 

4 

4 

7 

8 

0 


The presence of Endamocha histolytica in flies lighting on the kitchen table in a 
house near which studies had been previously made (Area B) . was readily demon- 
strated by the special method previously described. Cysts of Endamocha 
histolytica (12 mu) were identified, and the microorganisms were successfully 
cultured. A single unsuccessful attempt was made to repeat these findings in 
each of three other houses (Area A-1, D-1 and D-2); it seems quite certain that 
repeated attempts would yield positive results in areas where flies have been 
found to be infected, but the observation of Frye and Meleney (3) having been 
confirmed further work relative to the finding of infected flies indoors has not 
been undertaken. 

During the early part of these studies, a great number of individual fly specks 
were examined by the method described employing glass microscope slides 
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coated wth serum and placed in Area A-1. This laborious procedure Avas super- 
seded by the technic inAmh'ing tlie pooling of ily specks deposited on moist gauze. 
HoAA'CA'er, it has permitted a study of the characteristics of the specks stained 
AA'ith Heidenhain’s hematoxylin stain, in one of AA'hich a considerable number of 
cysts of Endamoeba Mstohjlica Avith typical clu’omatoid bodies AA^as seen (figure 
2 A). The cysts AA'ere found intermingled AAuth fecal debris in the specks, 
strongl.y suggesting that they had passed through the fly’s gut. 

Hookivorm. HookAA’orm disease constitutes more of a medical problem on 
Guam than infection AA'ith any of the other helminths. Both Ancylostoma diio- 
denale and Necaior amcricanus are preA^alent in the natiAm population. Hook- 
AA'orm oA^a Avere found in the same pooled fly specks as Endamoeba histolytica, in 
most instances, as indicated in table 1. The garbage drum noted in table 1 AA'as 
located in Lot No. 14-4 about 50 feet from the latrine and 15 feet from the 
kitchen dooru'ay. The likelihood that at least an appreciable number of flies 
caught here had fed in a latrine aa'rs shoAAm by the large number of hookAA'orm OA^a 
found in their dejecta. OA’-a of hookAA'-orm AA'^ere identified on both of the occa- 
sions in AA'hich material AA'as obtained from flies in Area B. The single parasitic 
form that AA'as found near the restaurant in Agana (Area C) Avas a hookAA'orm 
OAUim. Material from a large batch of flies caught in Area D-1 AA'as not found to 
contain ani' hookAA'orm ova. This circumstance is believed to have been due to 
the fact that almost all of the flies in this instance AA'ere small — evidently too 
small to transport effectively helminthic oA'a. The matter AA'ill be discussed 
further in the section relating to the flies that AA'ere caught. In Area D-2, flies 
deposited large numbers of hookAvorm ova on the moist gauze, many of Avhich 
AA'ere seen td be embryonated. 

The results of the experiments deA'ised to study the possible r61e of flies in the 
spread of hookAA'orm infection indicate that thej' may be of significance in this 
respect, at least on Guam. Cans of earth prepared as described AA'ere placed on 
three occasions in the yard of the home in Merizo (Area D-2) AA'here the flies had 
been found to harbor numerous liookAA'orm ova of AA'hich many contained motile 
embryos. The location AA'as a shady spot betAveen the kitchen door and the 
latrine, habitually traversed by the natiA'es, often AA'ith bare feet. After from 
five to seA'en days during AA'hich time there AA'ere seA'eral brief shoAA'ers, the cans 
AA'ere examined under a dissecting microscope. The surface of the soil appeared 
moist. The fish had been deA'Oui’ed, and at the spots AA'here the fish had been 
placed, scores of nematode lai'A'ae AA'ere seen AA'hose rearing motions under the 
AA'armth of the microscope lamp AA'ere ts'pical of those of filariform hooloA'orm 
lan'ae. Concentration AA'as effected b3' means of the Baermann technic. While 
A'ai'ious nematodes in different stages of free-liA'ing deA'elopment AA’ere seen under 
the compound microscope, a large number of the obserA'ed forms AA'ere morpho- 
logically typical of rhabditiform and filariform hookAA'orm JarA'ae. The larA'ae 
shoAA'n in figure 2 AA'ere isolated from the earth in these studies. 

Other human intestinal parasites. Cysts of Giardia lamhlia and OA'a of Tri- 
clniris trichinra and Ascaris himbricoidcs AA'ere frequenth' encountered, as shoAA'n 
in tables 1 and 3. An oA'um of Hymenolcpis diminnta AA'as found onlj' once, in 
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Fig. 2. A. Cyst of Endamocha histolytica (12 nui) in a fly speck. Larvae of hookworm 
recovered from earth contaminated by flies: B and C. Caudal and cephalic parts of a 
developing larva magnified to show certain internal structures. D. Filariform hook 
worm larva. 

material from flies obtained in the second catch at Area B. Evidence of this 
parasite had not been previonslj'- encountered, and during the stool surt’eys 
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undertaken bj’’ members of the Parasitology Laboratory it was conspicuous by 
' its absence. As one would expect, fonns of parasites not found in human stools 
have been commonly observed along inth those of medical interest in the studies 
of flies, and it seems quite likely that this ovum, although occasionally encoim- 
tered in humans, was in this instance transferred by flies from the feces of a rat or 
some other animal. Certain species of protozoa that are frequently found in 

TABLE 3 


Human intcsiinal parasites Jound in the dejecta of files caught at locations in the old village of 

Dededo, in Agana, and in Merizo 


ASEA 

total no. of days 

Of txappino 

TOTAL no. of flies 
caugett 

PAEASITES IDENTXFIED 

(B) 

2 

938 

Endamoeba histolytica 
(12 mu and 8 mu cysts) 
Endamoeba coli 

Giardia lamblia 

Hookworm 

Trichuris trichiura 

Ascaris lumbricoides 

Hymenolepis diminuia 

(C) 

1 

412 

Hookworm (1 ovum) 

(D-1) 

1 

159 

Endamoeba histolytica 
(8 mu cysts) 

Endamoeba coli 

Endolimax nana 
lodamoeba butschlii 

1 Giardia lamblia 

Ghilomastix mesnili 

1 

(D-2) 

2 

330 

Endamoeba histolytica 
(8 mu cysts) 

Endamoeba coli 

Endolimax nana 

Giardia lamblia 

Hookworm 

Trichuris trichiura 

Ascaris lumbricoides 

(B) 

kitohei 

1 table 

Endamoeba histolytica 
(12 mu cysts) 


human feces although generally considered to be mthout pathogenic significance 
were commonly encountered in material from flies in these studies. These 
parasites include Endamoeba coli, Endolimax nana, Trichomonas hominis, and 
Ghilomastix mesnili, lodamoeba hutschlii was noted only twice. A summary of 
these findings is given in tables 1 and 3. 

Flies and evidence of fly breeding noted in connection with these sUidies. Due to 
inherent faults in construction and imsatisfactory maintenance, many of the 
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native latrines were found to constitute easily accessible soinces of food for filtb 
flies and also to be significant foci of fly breeding. The amount of spraying with 
BDT that was being done was insufficient to control their development ade- 
quately. From the public health standpoint, CImjsomya megacephala and 
Miisca sorbens were observed in studies undertaken by members of the Entomol- 
ogy Laboratory to be the most important species of filth flies on Guam (5). The 
great prevalence of Chrysomya megacephala in latrines had not theretofore been 
reported, emphasis generally having been placed on its sarcophagous habits. 
Although -entomological reports (6) indicate that this species has been spreading 
over the tropical Pacific, a majority of the natives here apparently had never 
seen this fly before the Japanese invasion. Indeed, on the basis of information 
obtained prior to 194:2 relative to flies found on tliis island, Simmons, Wha 3 me, 
Anderson and Horak (7) stated that: “It is probable that species of Calliphoridae 
are also present.” This would be a gross understatement of fact today in view 
of the virtual ubiquity of Chrysomya megacephala. Compared with Chrysomya 
megacephala, Musca sorbens is very small. Its average body length is only from 
one quarter to one half of that of the larger fly. It is about one half as large as 
Musca domestica or Musca vicina, but it is the most prevalent member of this 
genus on Guam and the one that has been fotmd to breed in human feces (5). 

About 90 per cent of the flies caught in Area A were Chrysomya megacephala, 
with a scattering of Musca, Sarcophaga, Lucilia, Chrysomyza, Scholastes and 
Atherigona. Almost all of the flies caught in Area C at Agana wei'e Chrysomya 
megacephala. Material examined as usual from these flies caught at Agana, as 
stated earlier, revealed only one hookuwm o^mm. Although the maintenance 
of the latrine near which this catch was made could not be considered ideal, the 
fact that the proprietor of the restaurant took pains to burn out the pit daily with 
gasoline was probably responsible for the all but complete absence of parasites in 
the flies encountered there. Garbage disposal was not as satisfactory, being 
rather sporadic, and there was ample opportunity for fly breeding in the recep- 
tacles. Of the 159 flies caught in Area D-1, 135 were Musca sorbens and only 
eight were Chrysomya megacephala; this particular catch was made during a period 
of only two hours. It will be noted in table 3 that no ova were seen in material 
obtained from these flies, a fact that may well have a causal relationship with the 
almost complete absence of large flies from this catch. Of the 294 flies caught 
during a three hour period in Area D-2, 221 w^ere Musca sorbens and 68 were 
Chrysomya megacephala. About two months later a trap was again set in this 
yard directly beside an outdoor table where food was being prepared. Duriog 
a period of one hour and a half the following flies were caught: Musca sorbens 25, 
Sarcophaga 7, Chrysomya megascephala 4. The fact that Endamoeba coli, Giardid 
lamblia, and demonstrably viable 8 mu cysts of Endamoeba histolytica were en- 
countered as a result of this very small catch, has already been noted. It will 
also be recalled that Area D-2 was the site of the experiments concerning the rfile 
of flies in the spread of hookworm infection. The absence of demonstrable ova 
in this particular catch was very probably due to the fact that only a small 
number of Chrysomya megacephala were present. The latrine serving this home 
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was one of the worst encountered in our studies. The pit was covered by a 
concrete slab in which were two holes, but only one of them was covered by a 
box and surrounding housing. The other hole was not sealed so that large 
numbers of flies passed in and out.' If DDT was used at all, it was employed 
ineffective!}’’. 


DISCUSSION 

The incidence of intestinal parasites on Guam has been shown by studies under- 
taken in the Parasitology Laboratory of this Unit (1) to be very high. 'While 
the transmission of parasites is undoubtedly limited by the use of pit latrines, 
faulty construction and poor maintenance of many of them pro^^de a readily 
available food supplj’- for filth flies and favors their breeding. While quantitative 
estimates are lacking in these studies, obser\’^ations made over a period of five 
months all indicate that cysts and ova of various parasites, most significantly of 
Endamoeha histolytica and hoolcv'orm, are present in abundance in flies plaguing 
the inhabitants of certain of the native ^dIlages. In spite of this lack of evidence 
in the form of quantitative measurements, it is our behef that flies are of consider- 
able significance in the spread of amebiasis and hookvnrm infection on Guam, 
and probably also of other less important intestinal parasitic diseases. 

The relative importance of the different flies caught in these studies cannot be 
evaluated since they were not segregated according to species before they were 
permitted to speck the moist gauze. However, the fact seems significant that 
once in Area D-1 and once in Area D-2 when ver}’- few Chrysomya were found in 
the catch, no ova were seen, in spite of the fact that the trap had been set in areas 
where helminthic infections were considerable. Furthermore, a Anriety of pro- 
tozoa were identified that indicated that the flies had had access to fecal material. 
The conclusion seems justified that the smaller, predominating flies were capable 
of carr 5 Tng in the gut and passing "with the fly specks the relative^ small C 5 ’sts 
of protozoa but not the ova of helminths. Such a conclusion is in keeping with 
the findings of Nicolle to which reference has been made (2). 

STOIMART 

1. Apparatus used in trapping flies and for collecting and examining their 
dejecta are described. 

2. Data relative to the dissemination of cj’^sts and OAra of human intestinal 
parasites by flies on Guam are presented. 

3. The transportation of A-iable cysts of Endamoeha histolytica by flies to a 
kitchen table in a natiA’'e home has been demonstrated. 

4. A description is giA-en of the transportation of ova of hookworm by flies 
(presumably from a poorl}^ constructed latrine on the premises) to scraps of food 
on the ground where they .hatch, 3'ielding larA-ae that complete the frce-liAfing 
portion of the life C3'cle ending in the infectiA'e filariform stage. 

5. A note has been made of the more important species of flies encountered. 
The difficulties of ff}' control in the face of large scale breeding in latrines that are 
poorl}’’ constnicted and maintained arc cited. 
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On 18 Jan. a re-evaluation was made. The patient had shown no improve- 
ment. He continued to run fever ranging from 100 to lOl. The cough Avas 
quite troublesome, appetite very poor, and constipation continued. Sonorous 
rales were heard throughout the chest. There was moderate abdominal dis- 
tention. The spleen was not felt; the liver was not felt but could be percussed 
3 cm. below the costal margin and Avas quite tender. The Avhite blood count 
AA^as 36,000, of AA^hich 52% Avere eosinophiles. Proctoscopic examination at 
this time revealed several scattered discrete ulcers, parti}’- covered b}’- yelloAvish 



Fig 1 (CaseI). X-bay or Chest Taken 21Jan. 1945 


rri portable (supine) chest film sho-ns a diffuse miliary parenchymal infiltration. 
The film was taken on the 24th day after onset of sjmrptoms. 


exudate, in the fiist 10 cm. of the rectum. Because of the failure of the patient 
to respond to theiapy, it Avas suggested that the amebiasis might be contri- 
buting to his toxic state. Accordingly emetine hydrochloride AA’as started, 
gi\dng O.OG Gm. intramuscularly on those alternate days that tartar emetic 
Avas not administered. 

On 21 .Tan. the patient s condition Avas unchanged. A roentgenogram Avas 
made of the chest and shoAA'-ed miliary infiltration throughout both lung fields 
(6g. 1). .^^t this time penicillin Avas started on the premise that a secondaiy 
b.aeterial inA’asion of the lungs might be contributing to his serious condition. 
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The patient first began to show improvement on 23 Jan. On this da}" he 
felt better for tlie first time since admission to the hospital. At the same time, 
emetine was discontinued after three doses of 0.06 Gm. each, because the elec- 
trocardiogram showed progressive inversion of the T waves in all limb leads; 
carbarsone was started in dosage of 0.25 Gm. three times dail 3 ^ Penicillin was 
discontinued on 24 Jan., after the patient had received 500,000 units. The 
patient maintained his improvement through 24 and 25 Jan., feeling better, 
eating better, and looking more comfortable, though the temperature remained 
unchanged. 

On 17 Jan., Avhen the dosage of tartar emetic reached 0.15 Gm., an attack 
of coughing and vomiting followed the administration of the drug. The same 
dose was gii'en on 19 Jan., and was followed bj' a spell of coughing. The ne.xt 
dose, on 21 Jan., was placed in 1000 c.c. of 5% glucose in saline and administered 
nfithout event. Two days later this was repeated. On 25 Jan. the same pro- 
cedure was started. However, when GOO c.c. had run in, the patient became 
veiy apprehensive and developed marked neuromuscular hyperactivit 3 ^ The 
venoclj^sis was immediatelj’’ stopped and inbreathing into a paper bag was 
instituted. In about 15 minutes the patient quieted down complete!}'' and 
felt well. Blood pressuin was normal. Five minutes later he suddenlj'' died. 

The significant post-mortem findings^ were as follows: Both lungs were 
crepitant but were studded tlu'oughout nith small white moderatclj’’ firm nodules 
up to 2 mm. in diameter. The left lung weighed 860 Gm., the right 1100. The 
livei’ was extremelj’’ large, weigliing 3350 Gm. It was also completel}’’ studded 
with pseudotubercles similar to those seen in the lung. The wall of the rectum 
and sigmoid colon showed similar nodulations. The mesenteric Ijonpli nodes 
were enlarged. Dissection of the mesenteric veins failed to reveal anj'' adult 
schistosomes, h'lisi’oscopic examination of the lungs revealed two tj'pes of 
reaction (fig. 2, a and b). One was the pseudo-tubercle formation which was 
.seen grossly. The centei' of the nodule ivas necrotic, and in some instances 
showed an intense eosinopliilic infiltration. Surrounding this was an area of 
fibrosis. In the center of some of the nodules could been seen an o^mm of S. 
japonicum, in various states of degeneration. The second reaction was a diffuse 
involvement of the alveoli; manj’- contained a deposit of fibrin •\rith enmeshed 
cells and a few contained a fluid substance. The cellular elements were cliiefl}'' 
large mononuclears, with a fairlj'- large representation of eosinophiles. Pul- 
monar}'' aeration ivas markedl}^ reduced by tliis process. The liver tissue was 
diffusel}’- studded 'cnth nodules similar to those seen in the lungs (fig. 2 c). These 
consisted of a small area of necrosis about a schistosomal ovum, a middle zone 
of cellular reaction including large munbers of eosinophiles and endotheloid 
cells, and an outer ring of fibrosis. A number of these foci were seen to invoh’^e 
the periportal area. The mesenteric Ijnnph nodes showed similar pseudo- 
tubercles wliich included multi-nucleated giant cells in the cellular zone. One 
pseudo-tubercle was foimd in the adi’enal gland and one in the appendix. 


3 Autops}' was performed by the 27th Medical Laboratorj^ 
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Fig. 2. (Case 1) . Photomicrographs of Post-mortem Specimens* 

(a) (Upper left) Section of lung X 100. This shows both tj'pes of the pathology seen 
in the lungs. There is a miliary granulomatous lesion, in the center of which is a schisto- 
somal ovum. This is surrounded by a zone of cellular reaction with minimal caseation 
necrosis. The cellular infiltration is greatly polymorphonuclear with a fair number of 
eosinophiles. The second process involves the alveoli. These are packed with fibrinous 
exudate and in many there are enmeshed cellular elements; these are chiellj' macrophages, 
with a fairly large representation of eosinophiles. 

(b) (Upper right) Section of lung X440. This is a higher magnification oi the same 
section, showing the ovum in the center of the granuloma, and the surrounding cellular 

rt + t r*r* 


reaction. . . 

(c) (Lower) Section of liver XIOO. This shows a granulomatous lesion in the liver. 
The central ovum is not seen, but there is necrosis of liver cells with cellular infiltration 
including one multi-nucleated giant cell. 

♦Photomicrography w'as performed by the 19th General Aledical Laboratorj^ 

Clinical diagnoses were: (1) Schistosomiasis, (2) Amebiasis, and (3) Ancy- 
lostomiasis. 
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An.iioiiiic fiiimnnM-; Were: (H 1 ^ilTiix' .M’liistosomiMsis with (j.-oiido-tiiljcrcle 
formuttdu ill the Iimu'-. livor, (yinpli tihiids. rrcfo-sii^inoid colon, 

:i<h<'ii:d cbnd, nnd appi-ridiv. niid (2) DilVusc Inhtdar piiciimonia, secondary to 

('(}.'< 2. ’rhi> 2s year oI<i white soUlicr came to Leyte, Philijijnnc Islands, 
on 2 1 Xov. IP 1 1. 1 tuniiii tin* next o or (i weeks he was occupied with liis organi- 

ratioii iji Ltiildini; hriilges. In the etairse of his occupation lie was frocpionlly 
ivijuired to wadt' ami swini in various sto'ains. As jicr instructions ho always 
hatheil in puritied water iinnnaliately following such exjiosurc, using an nnti- 
,-cptic .voap: liowcver the exposure was on some occasions as long as three hours. 
Aroiunl 1 .Ian. IPl.a the soldier di'Veloped a hloody diarrhea which was treated 
at hi< hattalion aid station and cleared in three days; however, he was left, with 
persi-tent we.ikness ;ind .anorexia. On M .Ian. he hccame very sick, with high 
fever, dysuria, frc<iuency, and iliffusc ahdominal discomfort. 'I'he following 
day he was hospitalized in a clearing station; right costo-vertchral tenderness 
and pyuri.a were found and .a diagnosis of jiyelitis made. The jiatienf was given 
10 (»m. <if sulfadiazine .and 120.000 units of iicnicillin in two days; the dy.suria 
and fnaiucncy improved, hut he nanained very ill amt was transferred to a 
st.ation hospital on 17 -fan. Here the urine was found to he perfectly clear, 
and examination of the stool on IS .Tan. reve.ah'd the presence of ova of Schis- 
tosoma japoniiaim. (Tn 20 .Ian. the jiatient was tnmsferred to the IS.Srd General 
Ilospif.al. At th.at time the tiatienl’ was very sick. lie had high fever, often 
re.aehing lO.a.al night, way m.arked wea kne.'-s a nd anore.xia, and diffuse a Ixlominal 
discomfort. I.i's-ia- symptoms of nasal lamgc.stion and cough had been present 
.dnee M .Ian. He denied ('ver having had ‘‘.swimmea V itch” or urticaria. 

.M the time tht> patiiaii was first .'^cen in this hosjntal, his oral temperature 
was It) pul.se rate 110, and respiratory rate 22. He was obviously acutely 
ill. Weak, and in discomfoit.. 'fhere w.as moderate na.sal congestion. There 
were no .signs of consolidation in the che.st, but sonorous rales were heard bilat- 
cndly o^•er the upper half of the chest, more marked in e.xpiration than in in- 
spiration. Cardiac finding.s were normal. ITlood pressure was 101/76-76. 
'Lhe liver edge was fell, 2.,5 cm. below the costal margin on quiet respiration, 
de.sccnding to 5 cm. on deei? inspiration; the liver was .soft and very tender. 
The spleen was not, felt but slight tendernc.ss was elicited in the splenic region. 
A.sidc from signs of weight loss, the remaindei' of the physical examination was 
non-eontrii)utory. 

Stool e.xiimination on 25 .Tan. revealed ova of S. japonicum, confirmmg the 
finding in the previous hospital. 'J’hereaftci-, on 4, 14, and 21 Febr., no ova 
nor parasites were found in the stool. On 22 .Tan. the red blood cell count was 
4,350,000, hemoglobin 85% (Tallqvist), and the white blood cell -count 10,500, 
of which 54% were segmented neutrophiles, 28% lymphocytes, and 15% eosino- 
philes. Tlie white blood cell count Avas 10,800 on 3 Febr., Avith 58% eosin- 
ophiles, and 15,550 AAdth 40% eosinophiles on 1-1 Febr. Urinalj'^sis Avas negatiA'’e. 

Potassium antimonj'’ tartrate (tartar emetic) AA^as started in treatment of the 
schistosomiasis. The patient receiA'ed 0.03 Gm. intraA’^enously as a 1 % solution 
in distilled AA'ater on 21 Jan., 0.06 Gm. on 23 Jan., and 0.09 Gm. on 25 Jan. 
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Fig. 3 (Case 2). SbbialX-hay Films or Chest 

(a) (Upper left) 8 Febr 1945. Roentgenogram of the chest tahen on the 25th day 
after onset of acute symptoms shows a diffuse bilateral miliary infiltration similar to 
Case 1 (fig- , 

(b) (Upper right) 14 Febr. This film taken six days later shoMS some clearing of 
the parenchymal infiltration. There is evidence of coalescence of miliary areas in the 
right third anterior interspace 

(c) (Lover left) _ 21 Febr One veek later theie is further clearing. Coalesced areas 
are visible in the right third anterior interspace and the left fourth anterior interspace. 

(d) (Lower right) 4 March 1945 This roentgenogram taken eleven days later and 
forty-nine days after the onset of acute symptoms shovs piactically complete clearing 
of the chest. The coalesced area in the right third anterior interspace is still visible but 
smaller. 
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Due to the frequency of cough, nausea, and vomiting in other patients who were 
recehong the drug, culminating in the death of one (Case 1, v. s.), the use of 
tartar emetic was discontinued at this time. Beginning 27 Jan. this patient 
received intramuscular injections of Fuadin on alternate days, getting 1.5 c.c. 
the first day, 3.5 c.c. the third, and then 5 c.c. for seven doses — a total of 40 c.c. 
On 2 Febr. he vomited approximately 90 minutes after the fourth dose, but 
had no reactions at any other time. 

For the first two weeks no change could be seen. During this period the oral 
temperature reached 103 to 105 everj'- day. His complaints did not change, 
he remained weak, and was verj'’ uncomfortable, particularly when the tem- 
perature was highest. About 3 Febr., the 15th hospital day, the patient began 
to feel better. , Thereafter he had progressive improvement of all complaints 
e.xcept the cough, and gradually began to regain weight. On 4 Febr. his maxi- 
mum temperature was 102.4, the first daj'’ that it had not reached 103 or higher. 
Thereafter the temperature fell irregularly by lysis, and on 13 Febr. remained 
below 99 for 24 horn’s. For the remainder of his stay in this hospital the tem- 
perature varied from 97 to 99.2. 

Just about the time that the definite improvement started, the cough became 
worse around 5 Febr.; it was especially troublesome at night, interfering with 
sleep, and for the first time became productive of a moderate amount of yellowish 
mucoid sputum. Examination of the chest revealed the presence of a few 
scattered inconstant sonorous inspiratory rales bilaterally; fremitus, resonance, 
and breath sounds were normal. This phase lasted approximately one week, 
at which time the rales disappeared and the cough became non-productive and 
less frequent. In another week, around 20 Febr., the coughing ceased. X-rays 
were made of the chest on 8, 14 and 21 Febr., and 4 March (fig. 3). The patient 
was evacuated to the rear on 5 March. 

The clinical diagnosis was: Schistosomiasis caused by S. japonicum, with 
hepatic, pulmonary, and intestinal involvement. 

niscussiON 

Schistosomiasis is a disease produced by the flatworm of the genus Schisto- 
soma. Three species are of importance in the production of disease in man, 
vith differing features. The following data were obtained from Circular Letter 
No. 33, Office of the Surgeon General, dated 2 Febr. 1943 (1). S. haematobium 
is especially prevalent in the Nile Valley and produces mainly genito-minary 
symptoms. The adult woims live and lay their eggs in the veins around the 
bladder. Hematuria, vesical ulcers, and urinary calculi, papillomata, and fis- 
tulae occur. S. mansoni is found in Africa widely and also in South America 
and the West Indies; it produces mainly intestinal s 5 mptoms. The adult worms 
live and lay their eggs in the veins around the colon and rectinn. Bloody stools, 
rectal polyps and fistulae, and prolapse of the rectum occur. S. japonicum is 
found in the Far East and produces mainly hepatic symptoms. The adult 
worms live and lay their eggs in the veins of the small intestines and many eggs 
are carried to the liver. Bloody stools, hepatic cirrhosis, and splenomegaly 
occur (1). 
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The above description was consciously oversimplified. It is well kno^vn 
(2) that the ova are commonly widespread through the body in all three types of 
schistosomal infestation. In addition to the sites of habitat of the adult worms, 
ova are found frequently in the liver and lungs, and also in the .spleen, appendbc, 
mesenteric Ijunph glands, brain, heart, kidneys, adrenal glands, and other organs. 
As the manifestations of the disease are produced essentiall}' by the ova and the 
reaction of the body to them, the clinical picture will varj" with the sites of 
localization of the ova. 

Schistosomiasis caused by S. japonicum is divided, according to a standard 
textbook on tropical disease (2), into three stages: “(1) The incubation period, 
in which urticarial, pulmonarj’-, and febrile manifestations, may be present. 
This stage may last a month; (2) that of deposition and extrusion, when the 
ova appear in bloodj'- mucous stools; and (3) the period of further tissue des- 
truction and proliferation, which m.ay be eventually characterized by cirrhosis 
of the liver, ascites, cachexia, and death.” From this description it would 
appear that the first stage is occupied by the passage of the schistosoma, in 
their cercaiial phase, from the site of entry in the skin, by way of the vascular 
channels through the lungs to the portal veins, and their development there 
to adult worms. In our cases, however, we could not delineate such a stage 
from the one of deposition and extrusion. In the two cases here reported and 
in others observed (3), schistosomal ova were found in the stool during the 
time that the urticarial, pulmonary, and febrile manifestations were appearing. 
From the continuity of the symptoms and signs of pulmonary involvement in 
case 1, we feel that the pathological process must also have been essentially a 
continuous one tliroughout the observed course of the disease. In other words, 
we feel that the pathological process in the lungs was from its inception the 
reaction to the locahzation of ova in those tissues. The impression gained from 
the textbook description of this disease (2) is that the early pulmonar}'’ mani- 
festations are due to passage of cercariae through the pulmonary blood vessels, 
or allergic and/or toxic factors. However, our findings do not corroborate 
such a concept. 

The pulmonary roentgenographic findings resembled rmliary tuberculosis in 
the two cases presented. The second case showed practically complete clearing 
of the miliary infiltration on the forty-ninth day after the onset of acute symp- 
toms. The pathological findings are similar to those previously reported in 
this disease; of especial interest is the localization of ova in the limgs in the 
earliest phase of the infestation. Our findings do not indicate the ultimate 
prognosis of the pulmonary involvement. The occurrence of pulmonary fibro- 
sis and even of an Ayerza’s S5Tidrome has been described in schistosomiasis 
caused by S. Mansoni and S. haemotobium (2). The extent of the pseudo- 
tubercle formation in case 1 would suggest that this patient would have been 
left with considerable residual pathology in the lungs had death not supervened. 
On the other hand, a large amount of alveolar exudate was present, and this 
could be resorbed. Such a process probably accounted for the relatively rapid 
radiographic clearing of the lungs in case 2. In addition to the relative extent 
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of the two processes, many other factors are of importance in prognosis, such 
as: (1) The timeliness of treatment, whether begun in time to Idll the adult 
worms and the ova before too great irreversible damage has been done; (2) 
the eflScacy of treatment, whether all the adults are killed so that no ova mil 
be deposited in the future; (3) the question of reinfection; and (4) the resistance 
of the host. 

The reaction preceding the death of the patient in case 1 was an imusual one. 
There was no chill, fever, dyspnea, drop in blood pressure, or change in cardiac 
rhythm; in 15 minutes there appeared to be complete recovery, but 5 minutes 
later there was sudden cessation of respiration and cardiac action. The specimen 
which remained after discontinuance of the venoclysis was unfortunately dis- 
carded and could not be checked for impurity. Several other patients on the 
ward were given injections from the same freshly made batch of the drug at 
the same time, mthout any significant reactions. The diluent was a fresh 
bottle of a commercial saline-glucose preparation. The immediate cause of 
death is not apparent. However, the temporal juxta-position of drug admini- 
stration, reaction, and death suggests a cause-and-effect relationship. Fa- 
talities have been reported from the use of antimony products (4), including 
tartar emetic, but the mode of death in this case in unusual. 

SUMMARY AND CONCLUSIONS 

(1) Two cases of acute schistosomiasis caused by S. japonicum are presented. 
Both showed prominent pulmonary manifestations. One patient died, ap- 
parently due to tartar emetic administered intravenously in treatment, and 
post-mortem examination was made. 

(2) The clinical rnanifestations of pulmonary involvement were cough mth 
expectoration of scant mucoid sputum, chest pain, and scattered rales of no 
fixed type. 

(3) The roentgenographic appearance was that of a miliary tuberculosis. 
In the patient who recovered there was relatively rapid and almost complete 
clearance during the period of observation. 

(4) Pathologically the lung examined at autopsy was studded throughout 
with pseudo-tubercles, each about a schistosomal o\aun as a nidus. In addition 
a large amount of alveolar exudate, including cellular elements, was present. 

(5) It is suggested that the pulmonary manifestations seen in the first or 
“incubation” stage of this disease may actually be due to the localization of 
ova in these tissues. 
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THE DIAGNOSIS OF SCHISTOSOjMIASIS IMANSONI BY A 
RECTAL BIOPSY TECHNIQUE^ 

r. HERNANDEZ-l^IORALES axd JOSfl F. MALDONADO 
With the coLLAnonATiox of Caholine Kiieiss Phatt 

From the School of Tropical Medicine, San Juan, Puerto Rico 


Though the diagnosis of schistosomiasis Afansoni bj' stool examination maj’ 
prove extremely'' easy, there are times when even repeated searcli vill fail to 
reveal the presence of Schislosottia mansoni eggs. This is notoriously true of 
a chronic or minimal infestation. Alorcovcr, patients who have received treat- 
ment with any of the current drugs may show only an occasional egg on repeated 
examinations of the stools even though the most accurate diagnostic methods 
have been used. E.xtensive experience has proved this so on one occa.'^ion after 
another. 


Of the several techniques utilized, a modification of the acid-ether concen- 
tration has, up to now, appeared to be the most trustworthy in the detection 
of Schistosoma eggs. However, as a follow-up procedure, this method has a 
certain disadvantage; the eggs become so altered in appearance that it is im- 
possible to determine whether they are Adable or not. This is of utmo'^t impor- 
tance in order to determine the efficacy of the treatment administered. 

The other concentration techniques u.scd, in which the live eggs are not de- 
stroj'ed, arc lacking in sensitivity and are so time-consuming that they are of 
no practical value. The miracidium concentration method of Faust and Mcl- 
cney,* as modified by IMcCorklc d al," seems ideal for showing up the prcu-cncc 
of live eggs. Ilowcvc-r, the time factor limits its applicability as a routine proce- 
dure, and the presence of dead eggs cannot be demonstrated. 

Other method.s of diagnosis, which utilize humoral responses of the b'^dy, 
such as the intradcrmal reaction to ccrcarial or adult worm antigen, the 
lation and precipitin tests,* may all hold great promise in certain rc-qK'cfc, hut 
they fail to prove that the para.site is actually present in the ho'^t. In n(iditi<in. 
many persons complain that the pcr.-onal factor may pkiv an irnpirt.an! ro!(> 
in the interpretation of results, particularly in liic case of the shin 
With a view towanls determining a definite tcchnitiue, (Mfo!in.a and 
of Venezuela, ma<lc a careful study of po>t mortem material; found, th.a*. *!;•■ 


rectal mucosi is the site of greatest concentration of Sc.Kirtc 
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and confirmed this finding in patients by obtaining small pieces of the rectal 
mucosa through a rectoscope. Their technique consisted in removing, with 
a biopsy forceps, a piece of mucosa about the size of a large grain of rice from 
the right dorso-ventral rectal fold, located approximately 8 to 10 cm. from the 
anus. The sample was then placed in 5 cc. of a 4 per cent solution of potassium 
hydroxide and incubated for three to fom* hours at 60 to 80°C. The tissue was 
thus dissolved, and the eggs could be looked for in the sediment left after centri- 
fugation. 

To determine the efficacy of the above mentioned method, the writers have 
put it into practice, with certain modifications, during the past six months. 
The results have been so satisfactory that they now wish to report on it so that 
men working in areas, where schistosomiasis is prevalent, may apply it both 
for diagnosis and for the follow-up of cases. The procedure, as recommended 
by Ottolina and Atencio, is handicapped by the pre-operative preparation of 
the patient and by the destruction of the live eggs; the technique as modified 
by the writers, is the follovdng. 

As experience demonstrates that most persons pass stools in the morning, 
the patient is asked to come to the Outpatient Department in the afternoon. 
Pmgatives and/or enemata are not recommended imless the patient is hospital- 
ized. The rectoscope is introduced according to the usual technique. The 
first rectal valve is visualized and faces, if present, are removed with a cotton 
swab. From the edge of the fold, a small piece of the rectal wall is pried loose 
with a biopsy forceps and the site inspected for any bleeding. This rarely occurs, 
but if present, may be controlled by pressure with a piece of cotton. The small 
ulceration left has a whitish base. 

Several small pieces of mucosa may be obtained at different sites, but experience 
has shown that it is not necessary. The selection of the first rectal valve fold 
for the removal of the sample is important because the patient requires no pre- 
vious preparation and the biopsy can therefore be performed during his first 
visit to the clime. The piece of tissue is then pressed between two microscope 
slides with the help of Hoffman clamps and examined by low power. The eggs 
can be easily seen and counted, and the live ones can be readily distinguished 
from the dead ones. The flattened tissue may also be studied with the help 
of a magnifying glass, but the sample cannot be studied critically when live, 
or very few eggs, are present. 

In order to determine the value of a rectal mucosa biopsy in the diagnosis of 
schistosomiasis Mansoni, this procedure was applied in a number of cases coming 
to the Schistosomiasis Clinic of the University Hospital, at San Juan, Puerto 
Hico. The patients were all adults with a history of having, at one time or 
another, (a) been rejected from the Armed Forces because of schistosomiasis, 
(b) come in contact with waters in endemic foci, or (c) suffered from various 
symptoms that suggested the disease. 

A single biopsj’^ was performed on each patient, and a second was done only 
when deemed necessary. The results were then compared wth those obtained 
by the DcRiras hydrocliloric acid-ether concentration technique utilized on 
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fccul samples of these same patients. The data was also compared in a limited 
number of cases Avith those obtained from the intradermal reaction test, when 
using cercarial antigen. In a few instances, the stools were partly examined by 
a quantitative dilution teclmique. 

ANALYSIS OF RESULTS 

This study comprised the examination of a total of 138 patients, a large pro- 
portion of which had already received the prescribed treatment for schistosomia- 
sis, when the biopsy was performed. Since the main objective pursued in the 
study was to evaluate this rectal biopsy technique against the DeRivas and 
intradermal tests, the patients were divided into two groups, as follows: (a) 
Untreated, comprising those cases that had received no treatment for schisto- 


r TABLE 1 

Relative resttUs obtained in the rcetal mueosa biopsy, De Rivas and intradermal reaetion 
teehniques in the diagnosis of Sehistosomiasis mansoni 



UNTREATED CROUP 

TREATED CROUP 

Total number of cases 

50 

88 

Cases positive by rectal mucosa biopsy 

60 

62 

Cases negative by rectal mucosa biopsy 

0 

26 

Biopsies with living eggs 

19 

18 

Biopsies with dead eggs 

28 

68 

Cases in which viability was not determined 

3 

2 

Number positive by DeRivas test 

20 

16* 

Number negative by DeRivas test 

28 

72* 

Cases in w'hich DeRivas test was not performed 

2 

0 

Average number DeRivas tests to give a positive 

Cases positive by skin test .' . . . 

3.3 

11 

10* 

9* 

Cases doubtful by skin test 

2 

1* 

Cases negative by skin test 

3 

2* 

Cases in which skin test was not done 

34 

76 



* After treatment had been completed. 


somiasis at the time of the biopsy. However, a few which had just commenced 
treatment and had received but one or two injections of the drug have been 
included in this group, (b) Treated, comprising the cases that, prior to biopsy, 
had at any time received treatment consisting of a complete series, or several 
series, of any or various of the antimony compounds employed against Schis- 
tosoma mansoni. Table 1 shows the results obtained for both of these groups. 

The data for the imtreated group show that the rectal mucosa biopsy revealed 
the presence of eggs in 100 per cent of the cases studied, while the DeRivas con- 
centration method demonstrated the presence in Only 41 per cent. An average 
of three fecal samples had to be examined by this last method before a positive 
result was obtained. The skin test, which was performed in only 16 of the 
patients, proved positive in 62 per cent of them. In only a single case of this 
series was it necessary to perform a second rectal mucosa biopsy in order to 
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obtain a positive result which had proved positive by the DeRivas and kins 
tests. These data also show that approximately 40 per cent of the patients 
revealed live eggs in the biopsy as against 60 per cent "with only dead ones. 

The figures on the treated group reveal that, in spite of treatment, the rectal 
biopsy was positive in 70 per cent of these cases, while the DeRivas acid-ether 
concentration technique demonstrated eggs in only 18 per cent of the patients. 
An average of ten stools examinations had to be pei’formed in order to obtain a 
positive result. Table 1 also shows that approximately 20 per cent of the biopsies 
in the treated patients revealed the presence of five eggs, some of which, it was 
beheved, had been but recently laid. Although this aspect of the study is still 
in a preliminary stage, the writers believe that the rectal mucosa biopsy demon- 
strated a still active infection in the patients studied, thus suggesting that the 


TABLE 2 


Relationship between intradermal, DeRivas and rectal mucosa biopsy 
techniques in treated persons 


CASE 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


INTRADERltAI. 

DE lUVAS* 

NUMBER OF EGGS IN BlOPSy 

negative 

negative (10) 

1 

negative 

negative (6) 

2 

doubtful 

negative (3) 

45 

positive 

negative (45) 

0 

positive 

negative (26) 

0 

positive 

negative (13) 

0 

positive 

negative (8) 

0 

positive 

negative (5) 

1 

positive 

negative (8) 

15 

positive 

positive (1 in 5) 

32 

positive 

— 

142 

positive 

negative (3) 

189 


* Number in parentheses refers to number of examinations performed after the end of 
treatment. 


treatment failed to kill all the parasites. The possibility that reinfection may 
have occurred in at least some of the cases cannot be overlooked, however. 

The skin test was performed in 12 treated patients. Table 2 compares the 
results obtained in this test with those obtained from stool examinations and b}'' 
the rectal mucosa biopsies. These figures also show that it is veiy difficult to 
establish any definite relationship between the various techniques, once treatment 
has been instituted. This aspect of the problem, however, requires a more 
detailed study before any definite conclusions can be reached. 

Any method of diagnosis should be sufficiently standardized to permit a better 
evaluation of the results obtained. Although this was rather diffieult, the vTiters 
have attempted to place the teclmique of rectoscopic biopsy on a firmer basis by 
determining the role that the size of the sample of tissue plays in the outcome 
of the test, since the practitioner Avill find it extremely hard to obtain constant, 
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nniform-i^izccl ?ami>lc8. ExiicrioJico has shown that, the size of these samiilcs 
falls within certain limitations, Avhich the writers have termed large, laedium 
or small according to their measurements when they have been ])resscd between 
the slides. I'hese measurements have the following, respective diameter.s: 
over one centimeter, from half to one centimeter and Ic.ss than half a centimeter. 

Table 3 illustrates the figures obtained by the writers referable to a single 
bio])sy on each ])aticnl and not to variably .sized, simultaneous ones on the same 
jiatient. The latter would be the most logical way to study this problem, but 
the writers merely wish at this time to ijrc.'^ent jjreliminaiy observations that 
may lead to more critical investigations. Table 3 also shows that the number 
of eggs present may be extremely variable, irre.spcctivc of the size of the biopsied 
sample, lilven though the writers believe that the number depends mainly 
on the degree of infc.station rather than on any other single factor, when only 
diagnosis is concerned, the size of the sample is of very little importance. IIow- 

TABLE 3 


Uclalionship lhal size of biopsied sample hears to the tnanber of eggs found in 
both treated and untreated patients 


L.\RGi:-si2co nrorsY 

MFI«UM-SI?nD DIOPSV 

SitALL-SIZED BIOPSY 

Unlrc.UcU 

Ttc.itcd 

Unlrcalcd 

Trc.iicd 

Untreated 

Treated 

4 

2 

2 

1 

2 

2 

0 

12 

2 

7 

6 

2 

S 

15 

3 

11 

10 

4 

13 

10 

21 

17 

13 

5 

45 

17 

23 

19 ■ 

22 

5 

50 

40 

49 

22 

26 

20 

57 

45 

57 

55 

32 

89 

66 

298 

120 

02 

35 

142 

69 

832 

164 

100 

I 56 

153 

140 

1000 over 

500 over 

108 

142 

163 


ever, in order to be on the safe side, it is best to obtain as large a biopsied sample 
as possible Arithout, of course, jeopardizing the welfare of the patient. 

DISCUSSION 

The work here described fully confirms the observations of Ottolina and Atencio 
proving that a rectal mucosa biopsy is the most practical method for diagnosing 
schistosomiasis Mansoni infestations. Furthennore, irith the modifications 
introduced hy the Avriters, it is easj’’ and practicable for routine application. 
This is a method based on the fact that the parasite, Schistosoma mansoni, lays 
its eggs, principally, in the thinner branches of the veins of the sigmoid and 
rectum of man, a fact corroborated by the AATiters through finding, in one of the 
untreated cases, an adult female Avorm in the part of the submucosa that is usualty 
included in the biopsy. This may be one of the veiy rare instances in AA'^hich the 
parasite has been proved to migrate to such sites to lay its eggs. 
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or very transparoiil, aiul may 1)o easily overlooked by the untrained eye. The 
least eommon are the live eggs (fig. 3), which appear just as in the sedimented 



riG,2. Emi’tv Sin:u,sorS. mansoxi Eggs-vvitiiix Small Pseudotubercles 



Fig. 3. Live Eggs of S. m^vxsoni as Observed in the Rectal Mucosa Biopst. 
Miracidium Clearly Outlined. One Ejipty Shell Included 

stools; the miracidium is clearly outlined u-ith the flame cells active. Live eggs 
are usually found intermingled with the other forms; onl}'^ rarety are they found 
alone in a biops 3 ^ Another tj’pe of egg (fig. 4), which cannot be placed under 
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Fig. 5. Large Pseudotubbrcee with Numerous Dead Eggs, 
Obtained in a Rectal Mucosa Biopsy 
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any of the above tjTics, but wliicb is sometimes quite common, appears to have 
been recently laid, with both poles full of granules that do not show any Brownian 
movement and a clear central area. The writers believe that these eggs were 
laid while still immature and therefore failed to develop further. An}'^ of the 
above ijiics may appear in rows, in masses, or spread singly in the tissue. Out- '' 
side of the live ones, some maj’^ appear enchcled in a pseudotubercle, either 
singly or in masses (fig. 2, 5). 

A careful study may give a better clue to the mode by which the eggs of Schis- 
iosmna viamoni pass tlirough the intestinal wall or to the mechanism by which 
those that fail to do so and remain stationar}’-, are destroyed and eliminated. 

The method here described maj' also prove of great help in appreciating the 
therapeutic value of drugs utilized, as well as in determining their effect on the 
eggs per sc, as yet a very uncertain problem. Obseiw^ations to date on treated 
patients have shown that the egg maj' remain in the wall of the rectum as long 
as twenty-one months after the completion of treatment, though repeated ex- 
amination fail to show them in the stools (table 2). Experience has showa that, 
during a course of treatment with certain drugs, live eggs continued to be passed 
for a certain length of time and that these were progressively replaced by dead 
ones vmtil the latter finallj’’ formed the bulk of those passed. By the end of 
treatment they had disappeared, yet the clinician possesses no way of deter- 
mining the success of the cure. 

Bectal mucosa biopsies may demonstrate the presence of dead eggs, sometimes 
in extremely large niunbers, in these same patients. It is believed that, as long 
as repeated biopsies continue to show the presence of dead eggs alone, the patient 
should be considered cured. On the other hand, a return of live ones would 
suggest that the worms, or at least some of them, had not been destroyed, but 
just temporarily sterilized. In these cases, however, the possibility of rein- 
fection should not be overlooked. 

Another point, which requires careful study and appreciation on the part of 
the clinician and in which a rectal mucosa biopsy can be of great aid, is that 
regarding patients who give an old histoiy of having sometimes bathed in an 
infected body of water during childhood without showing pronoimced symptoms 
of the condition, yet are suspected of harboring the parasite. Several of these 
cases have been studied by the waiters and have usually demonstrated remnants 
of eggs, or just empty pseudotubercles, in the biopsy w'hile their stools were 
negative. The procedure to follow in such instances is a series of consecutive 
biopsies in a search for live eggs. The wTiters wish to over-emphasize tliis matter 
of live eggs, for if they are never encoimtered, the case in question may be one 
of extinguished infection. 

It is expected that the rectal mucosa biopsy technique, described here, will 
be given a trial not only in schistosomiasis Mansmi but with japonica as weU. 

smeuAKY 

A method consisting of a rectal mucosa biopsy for the clinical diagnosis of Schis- 
tosomiasis Mansmi, originally described by Ottolina and Atencio, has been 
applied by the writers for a period of six months and proved of extreme effective- 
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ness. Several modifications, which make it easy and practical for routine ap- 
plications, have been introduced to it. The basis for evaluating this technique 
is founded on a comparison of the results, obtained from its use, and those derived 
from stool examinations by the acid-ether concentration and the intradermal 
reaction tests in both treated and imtreated cases of schistosomiasis. 

In the untreated cases this rectal biopsy technique proved 100 per cent effec- 
tive, while the acid-ether concentration and intradermal reaction tests were found 
positive in only 40 per cent of the same patients and in 62 per cent of the 16 
patients that were tested. This biopsy technique was also positive in 70 per 
cent of the treated cases; the acid-ether concentration in only 18 per cent after 
an average of ten consecutive examinations had been performed. The intra- 
dermal reaction proved quite variable in 12 members of this group, the final results 
bearing no relationship to those obtained with the biopsy technique. 

Besides simplifying the method for obtaining a rectal mucosa sample, the 
modifications introduced by the writers into the original Ottohna and Atencio 
method will not only permit its use for a more careful study of schistosomiasis, 
but also for the elucidation of many, as yet, obscure problems pertaining to it. 
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EFFECT OF SULFADIAZINE ON CHOLERA* 

L. W. CIIU, M.D. ANO C, 11, HUANG, M.D. 

Department of Erpcrivienlal Medicine, National Inslilutc of Health, 

National Health Administration, China 

Followng the successful treatment of bacillary dysenteiy •wnth sulfaguanidine, 
a few authors have used this drug in cholera with encouraging results (I, 6, 7). 
As sulfadiazine has been shovni to be effective for bacillary d 3 'sentery and allied 
conditions (4, 5), it seems worthwhile to try this sulfa-derivative on cholera. 
The cholera epidemic in Foochow in the late summer of 1944 afforded an op- 
portunity for such a clinical trial. 

METHOD OF STUDY 

The present studj’- was carried out in a separate ward in the Foochow Coopera- 
tive Hospital, which became an isolation hospital during the cholera epidemic. 
Ten cholera patients Avere given sulfadiazine in addition to saline infusions, 
while ten other patients receh’ing only salioe infusions served as control. Only 
adult patients seen witliin 48 hours after the onset of illness were used in this 
stud 3 % In each case the diagnosis of cholera was confirmed by positive stool 
culture. Stool culture was made on admission and repeated once or tmee during 
the patient’s stay in the hospital. 

As frequent vomiting interfered with oral administration of sulfadiazine at 
the time of admission, sodium sulfadiazine (a single dose of 3 gm. in 5 % solution) 
was given intravenousty together with normal saline and 2% sodium bicarbonate 
solution. As soon as vomiting became less frequent, oral sulfadiazine therapy 
(6 gm. daity) Avas instituted until the subsidence of diarrhea. 

The patients were encouraged to drink 50-100 cc. of 0.5-1% sodium bicar- 
bonate solution eveiy half an hour. Three to five liters of fluid could be taken 
orally even during the collapse stage. In this way, 20-40 gm. of sodium bicar- 
bonate were also provided to coimteract acidosis. 

BESULTS 

The clinical data of the tAA^o groups of patients Avith and Avithout sulfadiazine 
therapy respectively are shovm in tables 1 and 2. 

The fatal case in the control group was due to lobar pneumonia.developed on the 
4th day of disease. One case of parotitis also occurred in the control group. 
Urticarial rash appeared in a sulfadiazine-treated patient dming convalescence. 
Similar cutaneous eruption was seen in a control case. Skin rash occurred rather 
frequently in this epidemic, having no relation Avith the use of sulfonamides. 
Suppression of urine was common during the collapse stage but never persisted 
for more than 48 hours in the cases imder observation. No renal complication 
was encoimtered in either group. 

* The sulfadiazine used in this study was kindly supplied by Lederle Laboratories, Inc., 
New York. 
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It was not practicable to keep the patients in hospital until the stool culture 
became negative. Stool cultures taken on the 6th, 7th or 8th day of disease 
were still positive in 8 out of 10 cases vdth sulfadiazine treatment and in 7 out 
of 8 control cases. 


TABLE 1 


Clinical data of patients with sulfadiazine therapy 


HOSPITAL 

NUMBER 

SEX 

AGE 

HOURS ILL BE- 
FORE TREATMENT 

DURATION OP 
DIARRHEA* 

TOTAL SALINE 
INFUSED 

BESDITS 





days 

CC, 


, 259 

M 

34 

3 

2 


Recovered 

295 

M 

49 

11 

3 


Recovered 

334 

F 

33 

13 

3 


Recovered 

350 

M 

20 

12 

6 

1,500 

Recovered 

355 

F 

35 

41 

5 

1,500 

Recovered 

356 

M 

21 

21 

6 

11,200 

Recovered 

370 

F 

32 

24 

7 

6,000 

Recovered 

381 

M 

22 

11 

5 

3,000 

Recovered 

382 

M 

35 

12 

5 

11,500 

Recovered 

402 

M 

50 

14 

4 

5,500 

Recovered 

Average 

33.1 

16.2 

4.6 

6,270 



TABLE 2 


Clinical data of patients without sulfadiazine therapy {control) 


HOSPITAL 

IHJMBER 

SEX 

1 AGE 

1 

HOURS ILL BE- 
FORE TREATMENT 

DURATION OF 
DIARRHEA* 

TOTAL SALINE 
INFUSED 

results 




1 

days 

CC. 


255 

M 

46 

3 

6 

6,200 

Recovered 

290 

M 

34 

24 

14 

10,000 

Recovered 

323 

M 

23 

16 

6 

3,500 

Recovered 

342 

F 

23 

25 

6 

4,500 

Recovered 

343 

M 

30 

28 

6 

14,500 

Recovered 

357 

M 

38 

48 

9 

9,000 

Recovered 

371 

F 

33 

8 

5 

4,000 

Recovered 

380 

M 

48 

27 

1 

5,000 

Died 

383 

F 

42 

10 

6 

13,500 

Recovered 

401 

M 

58 

19 

6 

3,500 

Recovered 

Average 

37.5 

20.8 

7.1 

7,370 

. 


* From the onset of diarrhea until the number of stools was reduced to two or less in 


24 hours. 


DISCUSSION 

Laboratory studies have shown that sulfadiazine has good in vitro and in vivo 
effects on the cholera vibrio (3, 8). As climeal use has also demonstrated the 
efficacy of sulfadiazine in acute diarrheal diseases (4, 5), this drug may be ex- 
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SULFONAMIDE DRUGS IN THE TREATMENT OF CHOLERA* 

L. W. CHU, M.D., a E. HUANG, M.D., C. T. CHANG, M.D., and H. C. EA. 0 , M.D. 

Naiional Instiluie of Health, National Anti-epidemic Corps and Chungking Central Hospital, 

National Health Administration, China 

In the treatment of cholera, the main emphasis has been laid on the replenish- 
ment of fluid and salts lost through purge and emesis. The treatment of the 
infection itself has received rather scanty attention. Some authors contend that 
cholera is a self-limited disease and that if the patient can be tided over the 
critical period by symptomatic treatment the infection will subside by itself. 
Be that as it may, antibacterial measures promptly instituted in conjunction 
witib saline infusion may be expected to shorten the course and lower the mor- 
tality. 

The experiments of QriSitts (4) and Sadusk and Oswald (10) have shown that 
the sulfonamides have favorable in vitro and in vivo effects on the cholera vibrio. 
Though the reports of Pasricha (7) and Carruthers (1), using sulfapyridineand 
sulfaguanidine respectively, are not encouraging, those of Chopra et al (2), 
Huang Joo-se (6) and Chu and Huang (3) have indicated that both sulfaguani- 
dine and sulfadiazine have good therapeutic value in the treatment of cholera. 
The present report is a further clinical study of this problem. 

ClilNICAIi MA.TERIAI, AND MEIHOD OP STUDY 

The present study was made in the Hsiao-Lung-K’an Emergency Hospital 
during the cholera epidemic in Chungking in the summer of 1945. Only adult 
patients receiving treatment within 72 hours after the onset of disease were 
included in this study. The patients were divided into three groups, receiving 
practically identical treatment except for the sulfonamide therapy. Of the 
79 patients under study, 25 were in the group with sulfaguanidine treatment, 
25 in the group vdth sulfadiazine treatment and 29 in the control group. 

The control cases were given saline infusion and symptomatic treatment only. 
For the patients with sulfaguanidine treatment, besides fluid replenishment 
measures, sulfaguanidine 5 gm. initially and 2.5 gm, every 4 hours was given 
imtil the munber of stools in 24 hours was reduced to two or less. The sulfa- 
diazine-treated patients were given 50 cc. of 5 per cent sodium sulfadiazine 
solution intravenously followed by oral administration of sulfadiazine 1 gm. 
every 4 hours until the diarrhea subsided. In one instance intravenous sodium 
sulfadiazine alone was used. Sulfonamide concentration in the stool as well 
as in the blood was determined in some cases during treatment. 

At the time of admission practically all the patients were markedly dehydrated 
and collapsed, requiring immediate intravenous infusion. Phj'siological salt 
solution was used for correcting dehydration. Sodiinn bicarbonate 2 per cent 

* Tlie sulfadiazine and sulfaguanidine used in this 6tud3' were kindlj’ supplied b3' Lcdcrlc 
Laboratories, Inc., New York. 
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and glucose 10-20 per cent solutions were also used whenever indicated. In- 
tramedullary infusion using the needle of Tocantins et al (11)^ was made in a 
few cases of severe collapse when venepunctm’e could not be successfully per- 
formed. The amount of fluid infused and the frequency of infusions were 
guided by the specific gravity of blood determined by the copper sulfate method 
of Phillips, Van Slyke and collaborators (8). Following the suggestion of Chu 
and Huang (3), the patients were encouraged to drink one per cent sodium 
bicarbonate solution as a supplementary measure for dehydration and counter- 
acting acidosis. A considerable amount (2 to 5 liters in 24 hours) could easily 
be taken even dming the stages of evacuation and collapse. 

Stool specimens for culture were obtained by means of a glass rectal tube. 
The tube is 25 cm. long and has an inner diameter of 7 mm. It is closed at one 
end but mth an opening 1 cm. above the blunt, round tip. It was sterilized 
in the autoclave before use. An imcontaminated specimen of liquid stool could 
be obtamed directly from the rectum for innoculation of alkaline peptone media. 
Bone acid preservative fluid (12) was also used in occasions when culture had 

to be delayed. The cultmes were made at 2-5 day intervals during the patient’s 
stay m the hospital. 


ANALYSIS OF ClilNICAL AND LABORATORY DATA 

General data. The average age of the patients, number of hours ill before 
treatment percentage having had anti-cholera inoculation and the average 
va ue of blood specific gravity at the time of admission of the three groups of 
patients are given m table 1. s n 

and'th! control group 

® treatment. The fatality S. the 

“eatt, m^eriteT “ 'T resulting in coma and 

fcfe Among the sulfaguanidine-treated pa- 

“u^eTrXbVr^^^^ 

'emXt 

into the buccal mucosa n as otoe^ed'Tn* p^TnTinte and extraTasation 
Ttec conditions rapidly subsided after &cont“u^“rf^ir*u^^^^^^ 

became fecal in character by lt’'Tray:;rd:::tSrtt%t^' 

of Srr'"' '»■» Phi WclpM. r„. use i„ the treatment 

n hiclnvas'rby-prodST™ii’B™rm°nrmrir?^^^^ nnantity, distilled water 

t 1 «astc steam ,n a nearby factorj^ was used without re-distillation. 
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of|treaimcnt lo''’thc subsidence of diarrlica of the three groups respectively are 
given in table 2. The average dwation of diarrliea of either sulfaguanidine- 
or sulfadiaHine-trcatccl group is shorter than that of tlie control and the difference 
is more than llirce tunes its standard error. Though the difference is less than 
2 days, it is statistically significant. 

TABLE 1 


General data of the three groups of cholera patients 


ctovr 

■PH 

AVtVACB AGZ 

nouns ux acroRE 

TREATWE-ST 


AVERAGE BLOOX) 

srzeme oravitv 

OKADIOSSION 

SQ 

25 

33.S 

29.5 

% 

12 

1.0655 

SD 1 

25 

30.6 

24.4 


1,0664 

Control 

29 1 

25.7 

22.6 

24 

1.0667 


SQ « eulfaguanidinc; SD = sulfadiazine. 


TABLE 2 

Comparison of the interval from the atari of treatment to the subsidence of 

diarrhea (days) 


CROUP 

“7 

St AKEARB ERROR 
(SX.) OP MEAlf 

DnTEREKCE EROU 
COKTROE 

j 

$£, or Dirm- 

EKCE 

RATIO OP 
UIPPERENCS 

TO ITS SX. 

SQ 

2.3S 

0,23 


0.44 

3.23 

SD 

2.12 

0.21 


0.43 

3.89 

Control 

3.79 

0.37 

mm 

i 

1 ~ 


TABLE 3 

Comparison of the total amounts of intravenous fluid used (cc.) 


CROUP 

WEAK 

y 

stakdarb errors 

(SX.) OP MEAN 

arrpERENCE prom 

CONTROL 

SX. OF UrfFER^ 
ENCE 

RATIO OP 
PIITEBENCE 

TO ITS SX. 

SQ 

2413 

290 

1944 

683 

2.85 

SD 

3828 

714 

529 

944 

0.56 

Control 

4357 

618 

— 


— 


Amount of intravenous fluid used. Since the amount and frequency of intra- 
venous (and intramedullary) infusions were controlled by repeated determina- 
tions of blood specific grawty, these data can be used for comparison. The 
average total amounts of intravenous fluid used by these three groups are cal- 
culated and compared (table 3). The sulfaguanidine-treated patients on the 
average required much less intravenous saline as compared with the control 
and the difference is significant. The sulfadiazine-treated patients, on the 
other hand, also used less saline but the difference is only 0.56 of its standard 
error. 
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It may be argued that tlie amount of intravenous fluid given before the drug 
has sufficient time to exert its effect should var^’- only within the errors attribut- 
able to chance, wiiereas that given later on would be a more reliable index 
of the efficacy of treatment. For this reason, the amount of intravenous fluid 
given on the first day after admission and that given on subsequent days are 
calculated separately (tables 4 and 5). In the former case, the difiercnccs 
between the groups with sulfonamide treatment and the control arc about 
equal to their respective standard errors and arc therefore probably sampling 
errors, wiule in the latter case, the differences are 2 or 3 times their standard 
errors and therefore cannot be attributed to chance. 

TABLE 4 


Cotnportson of Ihc amounts of tntrauenous fluid (cc.) given on Ihc first day of 

hospilalisalion 


CBOTJT 

! 

I MEAN 
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TABLE 6 


Comparison of ihc amounts of intravenous fluid (cc.) given after the first day of 

hospitalization 
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Result of vecial tube cultures. The diagnosis of cholera in every case of this 
series was proven by the isolation of cholera vibrio from, the stool. As the 
follow-up cultures were made at 2-5 day intervals, it is not possible, basing on 
these data, to determine exactly how soon the cholera vibrios disappear from 
the stool. However, at the end of one week after the start of treatment, 10 
of 21 sulfaguanidine-treated patients (47.6%), 11 of 21 sulfadiazine-treated 
patients (52.4%) and 10 of 22 control patients (45.5%) already had negative 
rectal tube cultures. Among the patients under observation, none had positive 
stool culture after the 13th day of disease. In most instances, cholera vibrio 
could still be isolated from the rectal tube cultures for varying periods after 
the diarrhea had subsided. This occurred in the control as well as in the sul- 
fonamide-treated cases. 

Sulfonamide concentration in stool and blood. The sulfaguanidine concen- 
tration in the blood ranges from 0.8 to 4.2 mg. per 100 cc., while that in the 
rice-water stool ranges from 25 to 40 mg. per 100 cc. The drug concentration 
in the stool during the period of diarrhea is rather low, probably due to the 
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frequent and copious evacuations. Part of tlie drug may also be lost in the 
voniitus. 

The sulfadiazine level in the blood ranges from 4 to 10 mg. per 100 cc., while 
that in the liquid stool ranges from 3 to 6 mg. per 100 cc. Considering the 
tremendous loss of fluid through the intestinal tract, it may be surmised that a 
large portion of the sulfadiazine in the blood may pass over into the stool during 
the stage of evacuation. In order to prove this point, one patient was given 
sodium sulfadiazine intravenously in doses of 2.5 gm. twice daily without oral 
administration of sulfonamide drugs. Simultaneous determinations six hours 
aftci' the first intravenous dose showed that the sulfadiazine concentration was 
4 mg. per 100 cc. in the blood and 3 mg. per 100 cc. in the stool. Determinations 
made on the next day showed that the concentration in the blood and in the 
stool were 6 mg. and 5 mg. per 100 cc. respectively. 

DISCUSSION 

From the above analysis, sulfaguanidine and sulfadiazine in the dosage em- 
plo 3 ’^ed have been shown to have favorable effect on the clinical course of cholera 
in that the duration of diarrhea is shortened and the amoimt of intravenous 
fluid used is reduced. The differences between the groups with sulfonamide 
treatment and the control are statistically significant. However, there is no 
significant difference between the clinical results produced by these two sul- 
fonamides. 

The sulfonamides used in this study exert no remarkable effect on the time 
of disappearance of the cholera vibrios from the patients’ stool. It is interesting 
to note that the use of streptomycin in cholera also produces no marked influence 
on the results of the stool cultures (9). This is in contrast to the striking results 
produced in the treatment of bacillary dysentery ■with sulfonamide drugs (5). 
The in vitro experiments of Sadusk and Os^vald (10) have sho^vn that sulfadia- 
zine and sulfaguanidine in concentration of 1-2 mg. per 100 cc. is sufficient to 
inhibit the groMdih of V. choleras, while a much higher concentration (100-200 
mg. per 100 cc.) is required to produce bactericidal effect. In the present study, 
determinations of the free sulfadiazine and sulfaguanidine concentrations in 
the stool show that only bacteriostatic concentration has been attained. When 
the drug concentration of the stool specimen is diluted in the culture medium, 
gro'wth of the cholera -vibrios may still be possible. 'Whether sulfaguanidine 
in bigger doses and for a longer time can produce bactericidal concentration 
in the stool and thereby shorten the period of convalescent carrier state remains 
to be studied. 

It is interesting to note that no renal complication attributable to sulfadiazine 
therapy has been observed in the present study as well as in the small series 
of cases reported by Chu and Huang (3). We have demonstrated that sul- 
fadiazine passes readily from the blood into the stool during the period of copious 
diarrhea when suppression of mine usually occurs. Consequently the drug 
concentration in the blood has never been found to reach a very high level. 

If alkalies are used liberally at the same time there would be no danger of in- 
creasing the incidence of urenna, the much dreaded complication of cholera. 
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Sadusk and Oswald (10) suggested that since succinyl sulfathiazole is hy- 
drolyzed into sulfathiazole and succinic acid in the intestinal tract, the com- 
bination of bacteriostatic effect and acid reaction would give excellent thera- 
peutic results. This sulfa-derivative is certainly worthy of a clinical trial in 
cholera. 


SUMMAKY 

1. In a cholera epidemic, a study of the therapeutic effect of sulfonamide 
drugs has been made m 25 adult patients treated ^vith sulfaguanidine, 25 with 
sulfadiazine and 29 without sulfonamides as control. 

2. One death occurred in the control group and one in the group with sulfa- 
guanidine treatment. 

3. The average duration of diarrhea is shortened and the average amount of 
intravenous saline given is reduced in the sulfonamide-treated group as com- 
pared with the control. The differences are statistically significant. 

4. There is no significant difference between the therapeutic results produced 
by these two sulfonamide drugs. 

5. No striking effect of the sulfonamides on the time of disappearance of 
cholera vibrios from the stool has been observed. 

6. With the dosage used in tliis study, only bacteriostatic concentration of 
the sulfonamides has been found in the stool of the patients under treatment. 

REFERENCES 

1. Carruthbrs, L. R.; Sulplianilylguanidine in the Treatment of Cholera. Trans. Roy. 

Soc. of Trop. Med. & Hyg. 36; 89, 1942. 

2. Chopra, R. N., deMonte, A. J. H. and Chatterji, B. C.: Sulphanilylguanidine in 

Cholera. Indian Med. Gaz. 76: 712, 1941. 

3. Ch' 0 ,L.W. AND Huang, C.H.: Effect of Sulfadiazine on Cholera. To be published. 

4. Griffitts, J. J.: Laboratory Studies of the Effect of Sulfonamide Drugs on V. cholerac. 

Pub. Health Rep. 67 ; 814, 1942. 

5. Hardt, a. V., Burns, W . and DeCapito, T. : Studies of the Acute Diarrheal Diseases. 

XA. Cultural Observations on the Relative Efficacy of Sulfonamides in Sliigella 
dyscntcrae Infections. Pub. Health Rep. 58: 689, 1943. 

6. Huang, J.; Treatment of Asiatic Cholera with Sulfaguanidine. J. A. M. A., 125; 23, 

1944. 

7. Pasricha, C. L., deMonte, A. J. H., Chatterji, B. C. and Mian, A. S.: Treatment of 

Cholera. Indian Med. Gaz. 74: 400, 1939. 

8. Phileips, R. a., Van Sltke, D. D., Doee, V. P., Emerson, K., Jr., Hamieton, P. B. 

AND Archibaed, R. M.; Copper Sulfate Method for Measuring Specific Gravities of 
Wliole Blood and Plasma. U. S. Navy Research Unit at the Hospital of Rockefeller 
Institute. 

9. Reimann,H. A.et AE.: Effect of Streptomycin on Cholera. To be published. 

10. Sadusk, J. F., Jr. and Oswaed, E.: Comparative invilro Effect of the Various Sulfon- 

amides on y . cholerac. Am. J. Trop. Med. 23; 275, 1943. 

11. Tocantins, L. M., Price, A. H. and O’Neiee, J. F.: Infusion via Bone Marrow in 

Children. Pennsylvania M. J. 46: 1267, 1943. 

12. Venkatraman, K. V. and Remakrishman, C. S.; A Preserving Medium for the Trans- 

mission of Specimens for the Isolation of Vibrio cholerac. Indian J. Med. Res. 29: 
681, 1941. 



treatjment of bubonic plague with sulfadiazine* 


C. n. HUANG, M.D. AND L. \V. CHU, M.D.> 

Dcparlmcnl of Experimental Medicine, National Institute of Health, 

National Health Administration, China 

Fukien Pro^^nce in Southeastern China which was invaded by plague in 1894 
has remained an important endemic center (19, 20). At first the infected area 
seemed to be limited to districts near the coast but since the Sino-Japanese 
War, probably due to increased inland traffic, the disease began to appear in 
localities farther inland and even spread to the neighboring provinces (5). Out- 
breaks of epidemic proportions occurred from time to time. Curative work, 
no less important than pre\’’entive measures, had become an urgent problem 
confronting the local health authorities. 

Since the introduction of the sulfonamides, a number of laboratory studies 
as well as clinical trials have been made vfith various sulfa-derivatives in the 
treatment of plague (1, 2, 3, 4, G, 7, 8, 10, 11, 12, 14, 15, 17, 18). Though the 
results with sulfanilamide and sulfapjTidine Avere not imiformly favorable, the 
axtensive field trials by Sokliey and his associates have proved beyond doubt 
the therapeutic efficacy of sulfathiazole (15). More recent experiments and 
clinical trials seem to indicate that sulfadiazine might be more effective than 
sulfathiazole (4, 8, IS). 

In Anew of the pressing demand for an effective therapeutic agent for plague, 
we made a special trip to Fukien in the summer of 1944 for the purpose of test- 
ing the A-alue of sulfadiazine in this disease. FoochoAv, being a populous city, 
was chosen for making this study because more patients and better clinical 
facilities were aA^ailable. 

CLINICAL FACILITIES AND METHOP OF STUDY 

The present study AA'as carried out in a special establishment for the treat- 
ment of plague patients annexed to the Foochow Cooperative Hospital. This 
plague unit consists of an out-patient cUnic, a general Avard of 18 beds and a 
separate ward A\ith 3 cubicles for pneumonic cases. From the beginning of June 
up to the commencement of our study (July 18), 109 plague patients had been ad- 
mitted, of whom 56 died. The high case fatality rate (51.4%) was probably due 
to inadequate treatment, because before our arrival sulfonamide preparations as 
well as antiplague serum were scarce and rather expensive. 

From July 18 to Sept. 6, 27 patients were admitted, 25 of Avhom had 
bubonic plague. The remaining tAAm, suffering from pneumonic and sep- 
ticemic plague respectively, were admitted in extremis and died before treatment 

* The expenses for the trip were defrayed from a grant by Lederle Laboratories, Inc., 
New York. The sulfadiazine used in this study was also kindly supplied by this firm. 

1 We are indebted to Dr. Y. C. Wang, Superintendent of Foochow Cooperative Hospital 
for permission to use the hospital facilities. 
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was started; therefore they will not be included in the following presentation. 
Originally we planned to divide the cases into three groups with sulfadiazine, 
sulfathiazole and serum treatment respectively. But on account of the limited 
number of patients, the plan had to be dropped and the majority were treated 
with sulfadiazine only. 

The diagnosis of plague was established by both bubo and blood cultures 
made at the time of admission. The material obtained from bubo aspiration 
was studied in stained smears as well as cultured on blood agar slants. Blood 
cultures were made by inoculating cc. of blood into broth and on agar slants. 
The bacteriological work was done by Dr. C. Y. Wu in the Provincial Hygienic 
Laboratory nearby. 

The dosage of suKadiazine (and sulfathiazole) for adults was 4 gm. initially 
followed by 1 gm. every 4 hours. In a few severely affected patients, larger 
doses were employed. The sulfonamide treatment was continued until the 
temperature had been normal for two or more days. Sodium bicarbonate in 
equal or larger amounts was given together wth the sulfonamides. It was 
not possible to determine the sulfonamide concentration in the blood but urine 
and blood examinations were made at frequent intervals during the treatment 
to guard against toxic reactions. 

The antiplague serum used in tliis study was immime horse serum prepared by 
the Central Epidemic Prevention Bureau in Kunming and supplied to us through 
the com’tesy of Dr. C. H. Yiu, the Provincial Health Commissioner of Fukien. 

RESULTS 

Among the 25 cases of bubonic plague in the present series, 16 were treat- 
ed with sulfadiazine alone, 3 with sulfadiazine and serum, 4 at first with sulfa- 
thiazole and serum but later with sulfadiazine and 2 with sulfathiazole alone. 
The clinical data of these 25 patients are given in table 1. 

Influence of 'promptness of treatment on clinical results. In the present series, 
all the cases admitted on the first or second day of illness responded promptly to 
treatment. Mortality occurred only among those admitted on or after the third 
day of illness. A study of the temperature charts of the recovered cases clearly 
shows that the earlier the treatment is started, the speedier is the recovery. 
In patients receiving sulfonamide therapy within 24 hours after onset, the tem- 
perature came down by crisis within 12 hours of treatment. In those admitted 
on the second day of illness (with one exception), the temperature became normal 
after 24 hours of treatment. If treatment was delayed for three or more days 
after onset, it took 72 or more hours of treatment before the fever completely 
subsided. The temperature charts of representative cases are given for illus- 
tration. 

Local response to sulfonamide therapy. In the majority of cases, during sul- 
fonamide therapy the bubo became smaller, softer and less tender with simul- 
taneous amelioration of local redness and swelling. However, in five cases, 
soon after the institution of treatment, the bubo suddenly became markedly 
increased in size and the local reaction also became very much exaggerated. 
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was positive in 22 out of 24 cases (91.7%), while direct smear showed bipolar- 
stained bacilh in 20 out of 25 cases (80.0%). Blood culture was positive m 19 
out of 25 cases (76.0%) . In a few cases where both blood and bubo cultures were 
repeated during the course of treatment, it Avas found that Avhen the temperature 
became normal the blood culture also became negative, whereas plague bacUli 
could still be isolated from the bubo for var 3 Tng periods after the fever had 
subsided. 

A case of repealed relapses. The fact that the sulfonamides readily control the 
bacteremia while leaving viable plague bacilli in the buboes for relatively long 
periods suggests the possibility of relapses. Such relapses may actually have 
occurred in the folloAving case. 



Fig. 1 

n' on the first day of illness. Recovered. (H. N. 107) 

B. Treatment started on the SMond day of illness. Recovered. (H. N. 138) 
n Started on the t^rd day of illness. Recovered. (H. N. 117) ^ 

D. Treatment started on the eighth day of illness. Died. (H. N. Ill) 


Case 1. H. N. 109. An undernourished lad, 14 years old, was admitted in a 
semicomatose condition after being ill for 4 days AAdth liigh fevei- and large buboes 
tight cervical and left submaxillary regions. Sulfadiazine 3 gm. ia- 
itially foUoAved by 1 gm._ every 4 hours Avas given. In addition, 40 cc. of anti- 
plague serum Avere administered intraA'-enously on the first day of hospitalization. 
There was steady improvement in the general condition. On the 7th day after 
admission, the blood culture became negative though the patient still ran a 
loAv-grade fever and the buboes remained large and tender. Next day, the 
dosage of sulfadiazine was cut doAvn to 4 gm. a day. Two days later a large 
abscess appeared in the left axUla. Culture of the aspirated material was posi- 
kve for P. Pestis. Pari passu the fever became liigher and septic in character. 
The dosage of sulfadiazine AA’’as again increased to 6 gm. a day. The abscess 
was incised and instilled Avith 0.5% sodium sulfadiazine solution. After a 
few days the fever subsided and the axillary abscess promptly healed up, though 
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the cemcal and submaxillary buboes remained firm and tender. Sulfadiazine 
therapy was discontinued 3 days after the temperature had become normal. 
At this time, the patient had been under treatment for 20 days and had received 
109 gm. of sulfadiazine. 

However, tAvo daji^s after stopping the drug, patient again ran a low-grade 
feva’ and a new bubo appeared in the left mguinal region. Culture of the 
aspirated material grew P. pesiis. Sulfonamides were purposely Avithheld to see 
if a serious relapse could occur. The inguinal bubo subsided in a few days 
vfithout treatment. But soon another tender mass appeared over the left side 
of the neck. Asphation obtained purulent material. Direct smear showed 
many pus cells and a few bipolar-stained bacilli, some of which appeared to be 
phagocj’tised by the polynuclear cells. Culture was positive for P. pestis. 
At this time fever became more marked and blood culture again became positive. 
Sulfadiazine therapy was then reinstituted. After five more days of treatment 
the fever subsided and the blood culture also became negative. Sulfadiazine 
was then discontinued, though plague bacilli could still be cultured from the 
cerAucal and submaxillary buboes. Without any more sulfonamide treatment 
these gradually shrank in size and wei'e reduced to small fibrotic masses in 10 
days’ time. The patient was finally discharged in good condition after staying 
in 'the hospital for 50 daj^s, having received a total of 146 gm. of sulfadiazine. 

This case is interesting in that the plague bacilli persisted in the primary 
buboes, apparently causing repeated bacteremia and pyenaia . It can probably be 
considered as a case of chronic or subacute plague, the prolongation of illness 
being probably due to interruption of sulfadiazine treatment. 

Prompt response to sulfadiazine after failure with sulfaihiazole. In the present 
series, four cases were treated anth sulfathiazole and serum at the beginning but 
were given sulfadiazine later in the course. In one instance the change was made 
merely because sulfathiazole treatment led to nausea and vomiting. However, 
the other three patients showed no improvement vith sulfathiazole but re- 
sponded promptly to sulfadiazine. In Anew of this apparent superiority of 
sulfadiazine over sulfathiazole, abstracts of their histories are presented. 

Case 2. H. N. 96. A man aged 36 had acute onset of high fever and a tender 
bubo in the left mguinal region for 2 days before coming for treatment. He 
was at first treated with sulfanilamide, ‘Sulthia’ and ‘Thiazon’ (local preparations 
containing sulfathiazole) as well as antiplague serum in insufficient doses. With 
this scheme of treatment high and irregular fever continued up to the 14th 
day of disease. Blood culture at this point was positive for P. pestis, Sulfa- 
thiazole 6 gm. daily were then given for 5 days, but did not lead to a fall of 
temperature or improvement in the general condition. Blood culture was still 
positive. It Avas then decided to change OA'er to sulfadiazine. An initial dose 
of 3 gm. followd by 1 gm. every 4 hours was used. Temperature gradually came 
down to the normal leA'^el in 3 daj^s’ time. With the subsidence of fcA’^er, blood 
culture also became negative. By this time, the bubo had been completely ab- 
sorbed. 

Case S. H. N. 108. A housewife aged 25 was ill for 3 days Awth a large bubo 
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in the left inguinal region and was treated with ‘Sulthia’, sulfathiazole and 
antiplague serum in another hospital before she was referred to us. She was in 
deep coma at the time of admission. The tendon reflexes as well as the sphincter 
controls were all lost. However, she was still able to take fluids and medicine 
fairly well. Sulfathiazole 6 gm. daily as well as antiplague serum 80 cc. in 
divided doses was given. Sulfathiazole therap}’- was continued for a rveelc with- 
out effect on the temperature and mental condition. The bubo became greatly 
shrunken in size but the blood culture was still positive. On the 8th day after 
admission, sulfadiazine 6 gm. daily was given instead of sulfathiazole. The 
temperature gradually came down to normal in 2 days but it soon rose again, 
subsiding finall}’^ after 4 more days. By this time the blood culture had become 
negative and the bubo was no more palpable. With the subsidence of fever, 
the patient gradually came out from the comatose state. For about a week 
she was disoriented and extremely excitable, then her mental condition gradually 
became clearer. At the time of discharge after 24 da^'s of hospitalization, she 
was considered to be practically normal. 

Case 4- H. N. 113. A man aged 25 was admitted on the 3rd day of illness. 
On admission he had high fever and a small bubo in the left inguinal region. 
Sulfatliiazole 4 gm. initially followed by 1 gm. every 4 hours was administered. 
In addition, 40 cc. antiplague serum intramuscularly wci'e given daily during 
the fu'st three days. Sulfathiazole treatment was continued for 5 days, but 
the fever remained at a Irigh level and the bubo became markedly increased in 
size with extensive local redness and induration. Blood culture, however, which 
was positive at the time of admission had become negative. From the 6th day 
of hospitalization, sulfadiazine 6 gm. daily was given instead of sulfathiazole. 
Temperature came do^vn to normal in 4 days’ time. The big bubo went on to 
suppuration requiring incision and drainage. 

Fatal cases. There are altogether 5 deaths in the present series, all in patients 
who came for treatment 3 or more days after onset of illness. Three deaths 
occuiTed among patients treated uith sulfadiazine alone and two deaths among 
those receiving combined sulfadiazine and serum therapy. Failure of treatment 
was due to either an overwhelming infection at the start of treatment or de- 
bilitating condition of the patient as shoum by the folloudng case abstracts. 

Case 5. H. N. 137. An apprentice aged 17 was admitted on the 3rd day of 
illness with a large bubo in the left femoral region. He was said to have massaged 
the bubo repeatedly since onset. At the time of admission he was critically ill 
and delirious. He was given sodium sulfadiazine intravenously as well as 
sulfadiazine tablets by mouth. However, the condition continued to deterio- 
rate. ToAvard the end, 20 cc. of convalescent serum intraAmnously and 40 cc. 
antiplague serum intramuscularly Avere given Avithout avail. Patient died on 
the 3rd day after admission, after having received 28 gm. of suFadiazine. 

Case 6. H. N. 119. A small, undernourished woman of 57 came to the 
hospital on the 3rd day of illness. She had a large bubo in the right femoral 
region and a feAV discrete, tender glands in the right inguinal region. Sulfadiazine 
treatment was given after admission. The femoral bubo rapidly increased in 
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size and the inguinal glands fused to form a big mass. At the same time, local 
redness and SM^elling began to appear and rapidly enlarged to involve the whole 
right thing and buttocks, extending upward some 6 cm. above Poupart’s liga- 
ment. Since the appearance of the intense local reaction, she had retention 
of urine, requiring daily catheterization. On the 11th day of hospitalization, 
a generalized morbilliform rash developed. At this time, fever had ah*eady 
subsided and both blood and bubo cultures which were positive on admission 
had also become negative. Sulfadiasune therapy was therefore discontinued. 
Though the infection appeared to be imder control, her general condition did 
not rally. Extensive bed-sores developed and patient died a few days later. 

DISCUSSION 

The prompt subsidence of fever and disappearance of bacteremia after in- 
stitution of sulfadiazine therapj^ in the majority of the cases indicate therapeutic 
efficacy of tliis drug in bubonic plague. Of the 16 cases treated with sulfadiazine 
alone, only three deaths occurred (18.8%). Prior to our stud}' the plague eases 
in the same hospital recemng other methods of treatment had a fatality rate 
of 51.4%. The results will stand sulfadiazine in good stead in the treatment of 
bubonic plague. However, it is futile to compare the case fatality rate of this 
series vith those obtained by other authors using other sulfa-preparations, 
dnce the severity of bubonic plague is apt to vary widely. The same comment 
applies to our results with sulfadiazine in the treatment of bubonic cases dur- 
ing the recent epidemic at Nantien in Western Yunnan (one death in 27 
cases or 3.7%) (4)." In the present study, the poor results obtained with sulfa- 
diazine plus serum are due to the fact that this combined therapy represents 
desperate efforts to save the patient’s life in the case of severe infection and late 
in the disease. 

The fact that three patients of this series sliowed no improvement with sulfa- 
thiazole but responded promplty to sulfadiazine would seem to indicate the 
superiority of sulfadiazine. However, the alternative explanation based on 
selective resistance of the plague bacilli to certain sulfa-derivativcs in these 
particular cases would be eoually plausible. The acknowledged fact that sul- 
fadiazine has fewer toxic reactions is a distinct advantage as sulfonamide therapy 
may have to be continued for a rather long period in some cases. 

The present study brings out the fact that to achieve better results, sulfona- 
mide therapy sliould be instituted early in the course of illness. This is in .accord 
with Pollitzer’s results with sulfathiazolc in Wenchow* where the mort.ality 
increased as the interval between onset of disease and start of treatment bftvunc 
longer (9). Similar results have been obtained with antiplaguc .ccjum by Soklioy 
(113). Of course patients who can survive the first few d.ays without treaftnent 
would have better chances of recover}*. 

The percentage of positive blood cultures in this series (7fi('() is quite hirfi. 
Though some authors assert- that bacteremia rarely occurs in bubonic pl.sgtm, 

* llic authors worked in the epidemic are.t and hcli>ed to compile the rtaii'stic?. 
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others claim that initial bacteremia in bubonic cases is constant enough to be of 
diagnostic value (16, 19). Our results seem to support the latter view. Pres- 
ence of bacteremia does not necessarily indicate an unfavorable prognosis. 
It is the severity and persistence of blood infection that should cause concern. 

Under sulfonamide treatment the plague bacilli disappear from the blood but, 
in some cases at least, the organisms still can survive in the bubo for a rela- 
tively long time. Considering the pathology of the plague bubo, this is not 
surprising. As necrosis sometimes occurs in the center of the bubo, sulfonamide 
concentration there may be very low as compared with the blood level. There- 
fore, in cases where the temperature has become normal but the bubo still shows 
sign of activity, one should be on the look-out for possible relapses as seen in 
one of our patients. 

In view of the frequent occurrence of coma, delirium and cardiac failure in 
severe toxemic cases, good nursing care and supportive measures are just as 
important as specific therapy. This is especially true in debilitated patients. 

SUMMARY 

In a series of 25 cases of bubonic plague, 16 patients were treated with sulfa- 
diazine alone, 3 vdth sulfadiazine plus antiplague serum, 4 with sulfathiazole and 
serum at first but later with sulfadiazine and 2 nith sulfathiazole alone. There 
were five fatalities — 3 deaths among patients treated vdth sulfadiazine and 2 
deaths among those treated vith sulfadiazine plus serum. While admittedly 
a small series, the results are sufficiently strildng to show the excellent thera- 
peutic value of sulfadiazine in the treatment of bubonic plague. Some interest- 
ing findings concerning the importance of early treatment, persistence of plague 
bacilli in the bubo, occurrence of relapses and instances of prompt response to 
sulfadiazine after failure with sulfathiazole are presented and discussed. 
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ON THE DDT CONTROL OF SYNOSTERNUS PALLIDUS 
TASCHENBERG (SIPHONAPTERA, PULICIDAE) IN 
DAICAR, SENEGAL, FRENCH WEST AFRICA^ 

LEO KARTMAN* 

INTRODTJCTION 

The effectiveness of DDT (2,2-bis(paraclilorophenyl)-l,l,l-trichloroethane) 
against fleas has been -well established. Lindqnist, et al. (1944) showed that 
powders containing DDT diluted to 4 or 5 per cent with P 3 rrophyllite would con- 
trol Ctenocephalides cams Curtis, C. felis Bouch6, and Echidnophaga galUnacea 
Westw. on dog hosts. About 10 grams were required to treat a rnedium sized 
animal. The dog and cat fleas began to leave the host and drop to the ground 
within 10 to 15 minutes after treatment. They exhibited spasmodic twitching 
of the appendages and died in from 3 to 5 hours. Sticktight fleas died on the 
host. 

Davis (1945) found that rat fleas, Xenopsylla cheopis Roth., died in 4 hours 
when placed in a jar with small amounts of DDT. Rats were found to be free of 
fleas after the application of small amounts of DDT to the fur. Rats were cap- 
tured before and after buildings were dusted with DDT. The number of fleas per 
rat in sLx stores was 13.9 before dusting and 0.6 a month after dusting. Two 
stores had an index of 0.2 and 0.5 fleas per rat four months after dusting. 

Ludwig and Nicholson (1945) had a similar experience during prelimmary tests 
for the control of rat ectoparasites. They dusted rat runs, burrows, holes leading 
to double floors and walls, etc., with 10% DDT-pyrophyllite dust. This re- 
sulted in a 98.3% reduction of X. cheopis on rats and an overall reduction of 
98.8% of aU flea species on rats. This work, and that of Davis, was a part of 
preliminary investigations to control endemic typhus by the elimination of in- 
fected vectors. 

Lindquist (1945) reported on DDT-dusted rat runs in buildings and showed 
that the rat-flea index m untreated areas was 24 while treated areas had an index 
of 1 flea per rat three months after treatment. 

Lewis, et al. (1945) m Dakar, French West Africa, reported on the use of DDT 
against fleas in the native quarter of the city during an epidemic of bubonic 
plague in 1944. 

Kartman (1946) later pointed out that the predominant domestic species of flea 
in native dwellings of the Dakar region was Synostemus palUdus Taschenberg. 
He suggested, on epidemiologic grounds, that this flea may have possibly acted 
as a vector of plague to humans in that region, during the outbreak of 1944, since 
it feeds almost exclusively on man. 

The present paper deals with DDT field tests against S. pallidus at Dakar 

^ The author wishes to acknowledge the cooperation of personnel of the 19th Malaria 
Survey Detachment, U. S. Army, Medical Department, during the conduct of this work. 

* Second Lieutenant, Sanitary Corps, Army of the United States. 
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between May and July of 1914. This v/ork laid the basis for subsequent use of 
DDT during the plagxic epidemic, as shown by Lewis and iii.s co-workersi (1915). 

The primary purpose of these tests was to observe the residual killing action of 
DDT upon adult S. palUdus in native huts ruul to observe the immediate effect 
of DDT on adult S. pallidus in rclalioi\ to biting activity. 'I'he experiment on 



Fig. 1. STNOBTEaNTjs tallidus Population TncNDs Follovting Application of DDT 

• — control huts A — ^huts air saturated w-ith 5% DDT spray 

O— kerosene sprayed huts • —huts dusted with 10% DDT-talc 

residual kill was made in conjunction with trials on the residual action of DDT 
against anopheline mosquitoes in a native village near Dakar. 

METHODS AKD MATERIALS 

Residual effect 

To test residual effect, twenty five native grass huts (see fig. 2) were selected 
and divided into the following five groups of five huts each: 


DDT CON'l’HOIi or M’XOSTr.UXl'S VALMDUS TASCIirNBEHG 
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\\ I R \(.I si’Rrxci \lvi \ ni 

1 ! IM»R SQ IT. 

M\TFRr\L iTsrn \nd no\\ Am ied 

t') 

1 

lOS 

5% DDT-koiosonc, piiint sprayed 



12.') 

.V,’o DDT-kcicscnc, aii saluratcd 

T) 


i 121 

pure kerosene, air salurated 

1*) 

1 

1 

; 121 

10% DDT-lalc, dusted 

o 


1 

unireafed 


In huts whicli were air sjituratcd, the spraj'^ mist settling to the floor constituted 
the apiflication. In ])aint siJraycd and dusted huts the insecticide Avas du’ected 
to the floor. In all cases, the huts chosen had no straw mats oi‘ other floor cover- 
ings and all of them were sandy-floored. 

The spiaAnng was accomplished by a two-wheeled, pneumatic-tii'ed mobile air 
unit, working at about 40 pounds pressure, from which two spraj-- units could be 
operated simultaneoush'. 



Fig. 2. Tync^L XATI^E Grass Huts in a Village of the Dak\h Region 
These are usually infested with large numbers of Si/nostermts pallidtis 
(From kodachrome by T/5 Frederick D. Morrison, IMedical Department, A.U.S.) 

The dusting was done tvith a rotary hand duster of the type commonl}’- used to 
cover small areas. No attempt was made to decide on the dosage before treat- 
ment. Huts were treated with the object of obtaining adequate coverage and 
the dosage v as estimated after treatment. This procedure was found to be satis- 
factoiy under field conditions (especially where the operator was experienced) 
and later constituted the method employed dui'ing the plague outbreak. 

A preliminar}'- check on the flea population was instituted during the period 
direetty befoi e the DDT tests. The next check was done about two hours after 
treatment and succeeding population samples were taken at r^-arious periods up to 
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S']-! 

n inaxiuuiin of (»l days aflcr llio pifdiininary olicck. All popiilalioii coniiK- wm* 
an'oinplislu'd Ity the iifilizalioii of sheds <if fly paper f-Mniijilefool"') in the man- 
ner deserilx'd by Kartman (lUlt>). 

liUiiKj (uiirihj 

d'o test the imnK>diat<> effect of a .V 1 )1 f'l’-kerosene Milnlion on the hitiii}: 
activity of adult .S’, pallidits, nativ(‘ >;ras-> iiuf.s exactly like tlio-e indicated above 
wen' selected. 'Test procedure w;l'^ as follow.-.: The dimen--inn>. of the area to be 
treated were det('i mined so that comparable do-a^ie ('(»uld b(* applied under .simi- 
lar conditions in each hut. I'lea (h'u.sity in the hut was check(‘d in the mamu'r 
referred to :d)ove and a native Xc*^:ro with b.are feet and le^is was flu'u dire<’ted to 
stand in the center of tlu' tloor te.--t area while observations were taken on the 
biting activity"' of the (teas up to It) niinut<’s. A me.isiired .amount of spr.ay was 
then apirlied to the floor. Immediately aft<‘r sprayin)^, the satiie native apiin 
stood in the center of the t<‘st area and th<' bitiuf; activity of adult fleas \\{ IS oh- 
.served up to 10 minutes. I'leas were then colh'cted ;uid placed in pill boxes with 
fresh sand and taken to t.he laboratory to ob.-erve the eih'i'ts of DlTl', 'I’ho 
criterion of death w.as tlu' <'<'.ssafion of all movement when ob-erved under the 
dissecting; microscope. 


n.vr.v .vNt> msi'VssioN 
licaidital effect 

Population checks taken ap])roxiniately two hours .aft('r Ire.atment showed an 
initial knoek-down effect as follows: 


TKiATuivr I I'l s n-vr Ki nccTios- or lU 'S 

Paint sprayed willi 5% DDT-korosciU' 

Air saturated with 5% DDT-kero.seiie . . 

Dusted with 10% DDT-lale, 

Air saturated with kerosene 
Untreated 


Tabic 1 summarizes data showin-r the re.sidu!il effect of DDT on S. palluhis, 
while figure 1 indicates flea population trends during the same period. It was 
noted that comparable residts were obtained by the two methods of applying o^c 
DDT-kerosene and by dti.sting with a MV 'f DDT-talc mixture. 'Idie dust showed 
a slightly loner initial kill, but its residual effect seemed to be more irronointeed 
at the end of the 6-f day period than that of the sprav. 

Kerosene-sprayed huts showed a poor initial knock-down. The subsetiueut 
fluctuation and general rise ol the flea poimlation in the.se huts was (piite similar 
to trends in untreated huts. 

^ It should be noted that the term “biting activity” acluallv moans host seeking actiwlJ’ 
since observations were made as to wtiethcr the tleas would jump and cnvwl up the host’s 
foot and legs. It is assumed that a tleji which jumps upon I he host does so for t he purpose of 
feeding, in most cases. 
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The control huts showed a heavy infestation of fleas throughout the test period 
wdth insignificant natural fluctuations despite the fact that large numbers of fleas 
were collected on fly paper from time to time. 

The number of fleas in DDT-treated huts at the end of the test period were 
negligible rvhen compared to the population of untreated or kerosene-treated 
huts. At 64 days, DDT-treated huts showed an insignificant rise in the S. 
^allidits population and it may be assumed that this residual action of DDT may 
have continued for at least several weeks longer. This is indicated by the fact 
that the population check on the 64th da3’' showed a total of 23 fleas from DDT- 
dusted huts, 65 fleas from DDT paint sprayed huts, 141 fleas from DDT air 
saturated huts, 671 fleas from kerosene-treated huts, and 1190 fleas from un- 
treated dwellings. 


TABLE 1 


Residual effect of DDT on Synosternus pallidus in native grass huts 


MATEBIAl. 

now APPLIED 

P 

« 

d 

JIG. DDT 
PER 
SQ.PT. 

2 

Days 

be- 

fore 

IXEA DENSrrvt PEE HUT 

Days after treatment 

PER CENT 
REDUCTION 
WEEKS AFTER 
TREATMENT 

4 

8 

12 

D 

El 

m 

42 

48 

54 

B 

B 

9 

None 

Untreated 

s 

0 

245 

246 

221 

220 

213 

191 

255 

276 

258 

238 

m 

it 

4 

Keroseno 

Air saturated 

5* 

3 CO. 

210 

95 

ICS 

170 

292 

154 

1S6 

255 

mm 

223 

62 

46 

36 

S% DDT- 

Paint sprayed 

S 

100 

217 

0.4 

0.2 

0 

0.2 

1 

3 

13 

12 

13 

99 

98 

94 

kerosene 

















6% DDT- 

Air saturated 

5 

256 

257 

0.2 

0 

0.2 

0 

0.6 

2 

16 

24 

28 


99 

89 

kerosene 

















10% DDT.tnlo 

Dusted 

5 

250 

214 

n 

0 

0.2 

0 

0.4 

1 

2 

3 

4 


99 

97 


• Natives dismanUed 2 of these huts 8 days after treatment, 
t Densits’ = average. 
i Increase. 


The data also indicate that dosages in excess of 100 mg. of DDT per square foot 
had no appreciable advantage both as regards initial knock-down and residual 
action against iS. pallidus. As a matter of fact, one of the huts in the DDT paint 
sprayed series was treated -with 64 mg. of DDT per square foot and showed no 
strong diminution of residual kill at the termination of observations (see table 2). 

Biting activity 

Table 3 indicates that about 100 mg. of DDT per square foot, from a 5% DDT- 
kerosene solution, inhibited the biting activity of adult S. pallidus nithin a very 
short time after treatment. The fairly uniform results obtained in 8 tests sug- 
gest that the dosage of DDT used stopped the activity of the fleas in a miaimum 
of about 10 minutes. 

If sprajdng time were added to observation time, approximately 3 minutes 
would be added to each figure thus giring 13 minutes as the minimum for cessa- 
tion of biting activity. The difference is not significant, however. 

The 10 minute figure shoum in table 3 also applies to the approximate miaimum 
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TABLE 2 

Varying dosage of DDT in individual huts as related to residual kill of Synosternua pallidus 


mnvo. 

MG. DDT 
TER 
SQ.ET. 

TREATMENT 

number or eleas 

PEU CENT SEDVCIJON 

(weeks) 

2 Days 
before 

tVccks after treatment 

2 

4 

6 

9 

2 

9 

30 

54 

5% spray 

180 

0 

5 

22 

20 

100 

89 

27 

99 

5% spray 

120 

0 

6 

10 

14 

100 

88 

29 

121 

5% spray 

72 

1 

Mm 

15 

18 

99 

75 

1 

126 

5% spray 

410 

0 


8 

10 

100 

98 

2 

130 

6% spray 

305 

0 

■1 

6 

3 

100 

99 

16 

169 

10% dust 

187 

0 


16 

4 

100 

98 

32 

220 

5% spray 

281 

0 

mSm 

37 

49 

100 

83 

8 

231 

5% spray 

212 

0 



8 

100 

96 

18 

241 

10% dust 

306 

0 

Bl 

1 

0 

100 

100 

20 

241 

10% dust 

117 

0 

Hi 

0 

6 

100 

95 

31 

259 

5% spray 

168 

0 

3 

21 

38 

100 

78 

19 

'267 

10% dust 

214 

0 

4 

2 

5 

100 

98 

33 

303 

5% spray 

122 

0 

8 

42 

36 

100 

71 

17 

334 

10% dust 

250 

0 

2 

10 

8 

100 

97 

6 

468 

5% spray 

502 

0 

1 

14 

10 

100 

98 


Untreated Huts 


22 

none 

none 

258 

278 

175 

216 

222 

7* 

Hi 

23 

none 

none 

200 

106 

205 

181 

140 

47 


24 

none 

none 

179 

319 

410 

289 

261 

78* 


25 


none 

254 

235 

382 

243 

267 

34 


39 

none 

none 

236 

128 

106 

365 

300 

46 

27* 


* Increase. 


TABLE 3 


Effect on adult Synosternus pallidus biting activity of spraymg 6% DDT-kcrosene directly 

on sand-surface of hut floor 


HUT 

MG. DDT 
TER SQ.TT. 

NO. TLEAS 
TAKEN 
BEEORE 
SPRAYING 

Before 
spraying 
(0 to 10 
min.) 

BITINO ACTIVITY OP ADULT PLEAS 

After spraying (minutes) 

NO. PLEAS 
TAKEN POR 
OBSERVA- 
TION 15-20 
MINUTES 
APTER 
SPRAYING 

alleixas 

CEADHOUSS 

after 

SPKAYINO 

1 

2 

3 

S 

8 

10 

1 

105 

223 

+ 

+ 

+ 

+ 

+ 



32 

5 

2 

105 

110 

+ 

+ 

+ 

+ 


— 

— 

20 

3§ 

3 

102 

183 

+ 


+ 

+ 



— 

46 

4 

4 

105 

200 

+ 

+ 

+ 

+ 

+ 


— 

17 

3 

5 

104 

160 

+ 

+ 

+ 


+ 

— 


25 

4 

6 

105 

120- 

+ ^ 

+ 

+ 

+ 

— 

— 


39 

3i 

7 

105 

205 

+ 

+ 

+ 

+ 

+ 

+ 



33 

3 

8 

105 

' 181 

+ 

+ 

+ 

+ 

+ 


~ 

51 

4 


+ Indicates that fleas were observed to jump and crawl on feet and legs. 
— Indicates that fleas were not observed to jump upon feet or legs. 
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time that S. paUidiis adults were first seen to exhibit typical DDT toxicity.^ 
This consisted mainly of spasmodic twitching of the appendages The onset of 
toidc sjTnptoms and the inhibition of host-seeking were of simultaneous occur- 
rence. Actual death of the fleas varied from 1 to 5 hours for separate individuals. 
The death of all fleas in each of the tests gave a variation of from 3 to 5 hours 
with an average of 35 hours. This is in accord with the observations of Lind- 
quist, c' al. (1944) and Da\is (1945). 

It is also intei'esting to note that larvae of S. pallidus w^ere seen in great num- 
bers several minutes after the floors of huts w^ere sprayed with the DDT-kerosene 
solution, whereas they were not in e\idence preceding treatment. Close obser- 
vation showed these larvae to be twitching spasmodiaclly and specimens taken to 
the laboratory died in from 4 to 7 hovus. 

StnULA-RY AND CONCLUSIONS 

In \iew of the possible importance of SynosteXius ‘pallidus Taschenberg as a 
vector of plague to hiunans, field experiments are described w'hich tested the 
residual action of DDT upon adults of tliis flea species in native huts of the Dakar 
region of French West Africa. 

Data are also given on the immediate effect of DDT in relation to the biting 
acthity of S. pallidiis. 

A 5% DDT-kerosene solution, w%en paint sprayed directly upon the floor or 
air saturated, gave an approximate 100% initial kill of adult S. pallidus and a 
residual kill which extended to 64 days or more. 

A 10% DDT-talc dust, when applied to the floors of native huts, gave initial 
and residual kill of S. pallidus adults comparable to that of a 5% DDT-kerosene 
spray. The DDT dust seemed to produce a slightly lower initial kill and a 
slightly longer residual action than the spray, although the difference was not 
significant. 

Dosages in excess of 100 mg, of DDT per square foot showed no appreciable 
advantage both as regards initial knock-down and residual action against S. 
pcdl^d^ls. 

The an* satmation of native huts with a pure kerosene spray gave a poor initial 
kill and no residual effect of any significance on S. pallidus. 

The biting acthity (host seeing) of adult S. pallidus was inhibited approxi- 
mately 10 minutes after the floor of a native hut was sprayed with a 5% DDT- 
kerosene solution at the rate of about 100 mg. of DDT per square foot. 

Adult S. paltidus exhibited typical DDT-toxicity in a minimu m of 10 minutes 
after floors were treated. These fleas died in from 3 to 5 hours after contact 
with DDT. 

The initial and residual kill by DDT of S. pallidus, on a large scale under prac- 
tical field conditions, suggests that this may be an effective addition to established 

* The question may arise as to the effect of pure kerosene. In this connection, observa- 
tions showed that kerosene, although it killed many fleas, did not produce toxic symptoms 
which inhibited biting activity. 
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procedure in the prophylaxis and control of flea-borne disease. This would 
obtain especially in conditions where the flea species is highly domestic, feeds on 
htimans, and is kno^vn to be a vector of plague or other diseases from man to man. 
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A LABORATORY INFECTION OF THE RAT WITH FILARIAL WORMS^ 

J. ALLEY SCOTT and JOY BARNES CROSS 

From the Department of Preventive Medicine and Public Health, University of Texas School of 

Medicine, Galveston, Texas 

A laboratory animal Avhich can be infected wth definite numbers of some t 3 T)e 
of filarial worm has long been needed for the stud 3 '- of filariasis. The experiments 
reported here show that the white rat and the cotton rat can be infected in the 
labomtoiy under repeatable conditions wth Liiomosoidcs carinii, a filarial worm 
of the cotton mt. The vector apparentl 3 ' being one of several arthropods which 
have become established in the exi^erimental units. Experiments now in prog- 
ress should make possible the isolation of this vector and thus demonstrate the 
actualit 3 ' of transfer b 3 ’ a particular species. The advantage of such a demon- 
stration, bc 3 -ond its immediate value in providing an infectible laborator 3 ’- animal, 
has been well stated b 3 ' Hinman (1935) as follows: 

“The maturation of tlic larvae within the insect host and its migration to the proboscis 
has always been assumed to be prima facie eridence of ability to transmit the given filarial 
infection. However, it is entirch' possible that many blood-sucking insects, discovered to 
be susceptible to c.\pcrimcntal infection and even found naturallj’ infected, are unable to 
Euccessfull.v transmit the parasite. Practicallj- all of our knowledge of transmission of 
filarial organisms rests upon such circumstantial eridcnce, which may be quite fallacious.” 

Several authors have reported experimental infections with Dirofilaria immitis 
in dogs, but the results have not boon sufficiently consistent to result in the estab- 
lishment of laborator 3 ’ strains of the parasite wdiich can be propagated by serial 
transfers. The experiments of Grass! and Noe (1900) have been criticized on 
the ground that their experimental dogs were raised in an endemic area and might 
have had a natural infection. Bancroft (1904) infected several dogs imder more 
adequateb’^ controlled conditions, but it is not clear how many failures he may 
have had. Fullebom (1929) infected 5 dogs which apparent^’- represented all 
that he tried to infect. On the other hand, Hinman (1935) was unable to infect 
an 3 ’’ of 3 dogs b 3 '^ repeatedly feeding Aedes aegypti on them, even though other 
mosquitoes of the same lots developed infective larvae in their heads. Appar- 
entl 3 ’’ one of the reasons why Dirofilaria immitis has not become a laboratory 
infection is the difficulty of producing the infection. Perhaps this difficulty 
•would have been solved if the dog were not such a relatively expensive animal to 
raise and maintain in the laboratory. Moreover, the infection in the dog is not 
entirely satisfactory for many types of experiments because the position of the 
worms in the heart differs so greatly from that of the human filariae. 

Highby (1943) reported the ex-perimental production of light infections in 

1 Read at the 41st meeting of the American Society of Tropical Medicine at Cincinnati, 
Ohio, November 15, 1945. 

The work forming the basis of this paper was supported in part by a grant from the John 
and Mary R. Markle Foundation for an experimental study of filarial infection. 
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domestic rabbits of Dirofihria scapiceps from the snowsboe bare. Altbougb this 
species may be useful as experimental material, there is no indication that a 
laboratory strain could be estabbsbed wtb any degree of facility. ^ 

Lizards have been experimentally infected wtb a filaria (Pandit, Pandit and 
Iyer, 1929; Menon, Ramamurti and Rao, 1944) which is pathogenetically more 
similar to the human filariae. It is not knowm, however, that these lizards could 
be raised in the laboratory or that they would tluive away from their native 
habitat. 

Litomosoides carinii, a parasite of the cotton rat, has recently come into exten- 
sive use in the study of filariasis especially in connection with experiments on 
chemotherapy. It has been possible to obtain large numbers of naturally in- 
fected, wild-caught cotton rats, but for many types of experiments, infections of 
known age and approximately equal intensity are desirable. In connection with 
his original description of this worm. Chandler (1931) mentioned that a white rat 
kept in the same room with infected cotton rats had become infected. The 
present studies originated as an attempt to duplicate the above transfer under 
.somewhat more precisely controlled conditions. When this transfer had been 
successfully accomplished, the experiments were expanded to repeat the transfer 
to cotton rats. 


METHODS OF STUDY 

Transmission of the infection has been successfully accomplished at all trials 
regardless of the details of the methods. In the first experiment, a pair of cotton 
rats, Sigmodon Mspidus texianus, infected with Litomosoides carinii and a labora- 
tory-raised white rat were placed in a double cage on opposite sides of a wire 
' partition which extended through a wooden nestiog box. Several grass nests of 
cotton rats were placed in the box immediately after they were brought from the 
field. A wire floor allowed the droppings to fall into a tray, but neither tray nor 
cage were cleaned for two months. The whole unit was protected from crawling 
insects by being placed in a large oil pan and was located in a screened building. 
A few mosquitoes, Aedes sollicitans, (hd, however, occasionally gain temporary 
access to the animals when attendants entered the room. The building w^'as 
located on Galveston Island 10 miles from the nearest habitat of the cotton rat, 
which is on the mainland across 2 miles of open water. The male cotton rat was 
removed after 3 weeks, and 4 young w'ere born on the 34th day of the experi- 
ment, thus adding 4 more test animals to the experiment. 

In the second and third experiments an infected cotton rat and her newborn 
young were placed immediately after their birth in each of two galvanized iron 
tanks. These tanks measured 18 x 24 inches, and 18 inches deep, and w’^ere set 
on legs standing in oil cups to prevent the entrance of crawling arthropods. 
Moreover, the tops of the tanks were provided with an oil-filled moat and were 
tightly screened with 18 mesh wire. In the bottom of the tanlc was placed two 
inches of washed sand on top of one inch of washed gravel and this sub-stratum 
kept slightly moist. On the sand there was a 2-inch layer of dried grass of the 
type used by cotton rats for nesting material. Two complete cotton rat nests 
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freshly palhcrcd in tlic field were also placed in each tank at the time the rats 
were introduced. These first rats were not freed of ectoparasites. Washed car- 
rots and baked dog chow were provided in non-spillable feeders. Every few days 
the feeders were removed for thorough cleaning and any arthropods found in 
their wire-covered t rash jians were returned to the appropriate tanks. The tanks 
were kept in a .cerccncd building in Galveston, and tlnoughout the experiments 
all conditions were maintained ns constant as possible. 

As will be shovni below, numerous contiol animals were housed in cages in the 
rooms with the experimental units and 24 were killed at various intervals, paral- 
leling the autopsies of cxpciimcntal animals. The negative results show that no 
transmission occurred outside of the experimental cages and tanks, even among 
litters bom to infected mothers. 

RESULTS OF THE EXPERIMENTS 

The results of the cxiierimcnts are summarized in table 1. In the first experi- 
ment the white rat was killed after having been housed ■with the infected cotton 
rat for 57 days, and was found to harbor 3 immature worms. These worms and 
all those recovered from the cotton rats were positively identified as Idtomosoides 
carimi. All 4 cotton rats bora in this cage on the 34th day of the e.xperiment were 
found to be infected with mature worms when autopsied at ages varying from 107 
to 147 days. 

In the second experiment an infected cotton rat and her 4 newborn young 
were placed in the tank described above, along wth freshly gathered cotton rat 
nests. One young rat died 42 days later and was found to harbor 3 immature 
worms. The other three young rats were removed from the tank on the 54th 
daj' and were killed at ages varying from 66 to 93 days. All were harboring 
mature worms. To continue this experiment, the original mother was removed 
on the 54th day and another cotton rat with 2 newborn young (all were ectopara- 
site free) were substituted without other changes of conditions. In other words, 
the old nests remained, but there was no addition of new nests or arthropods. 
After 41 and 42 more days, respectively, the yoimg rats were removed and killed. 
One harbored 2 immatine worms and the other none. The mother was removed 
45 days after her entry into the tank and was found to harbor 24 distinctly imma- 
ture worms, some as small as 1.5 mm. in length as compared with worms 22 mm. 
in length found in young rats 42 days of age. As she had been caged for some 
time since capture, these small worms must have been acquired in this tank and 
the very smallest only shortly before autopsy. In other words, the vectors were 
apparently still present in the tank approximately 3 months after the only arthro- 
pod-containing material had been added. This rat represents an tmcontrolled 
experiment as compared with the yoxmg rats, of course, but the information does 
seem to add something of value to the other more positive e'vidence. She also 
harbored over 100 larger worms, some of which were evidently acquired in the 
while some fully gro'nm worms apparently represented the original infection 
acquired before capture. 

The third experiment was similar to the first part of the second one. Four 
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newborn cotton rats with their infected mother and her ectoparasites were put 
into a tank with newly gathered nests*. The young rats were killed at periods 
varying from 42 to 83 days and all were found to be harboring either mature or 
immature worms. 


TABLE 1 

Showing the results of housing together infected and uninfected animals in the ‘presence of 

freshly gathered cotton rat nests 

At intervals throughout the period covered by these autopsies, 24 control rats which 
had been housed in cages in the same rooms were autopsied and all found negative. 


RAT NtntBER 

DATE OF ENTRV 
INTO UNIT 

DAVS FROM ENTRY 
TO REMOVAL 

DAYS FROM ENTRY 
TO AUTOPSY 

DAYS FROM ADDI- 
TION OF ARTHRO- 
PODS TO REMOVAL 

NUMBER OF WORMS 
HARBORED 


Experiment 1. 

(Double Cage) 



mmm 




IBQIB 

3 






5 






3 

147 



144 

135 

6 

148 

■■ 

BB 

147 

135 

6 



Experiment 2. 

(Iron Tank) 



200 

7/30 

42 

42 

42 

3 

198 

7/30 

54 

66 

64 

4 

199 

7/30 

54 

68 

54 

10 

197 

^ 7/30 

64 

80 

54 

8 

201 

7/30 

54 

93 

54 

5 

221 

9/22 

41 

41 

95 

2 

222 

9/22 

42 

42 

96 

0 

49 

9/22 

45 

45 

99 

24t 



Experiment 3. 

(Iron Tank) 



. 215 

8/9 

42 

42 

42 

8 

212 

8/9 

47 

49 

47 

11 

210 

8/9 

47 

58 

47 

11 

211 

8/9 

47 

65 

47 

9 

213 

8/9 

47 

75 

47 

11 

214 

8/9 

47 

83 

47 

2 


* W-1 was a white rat, the others w'ere all cotton rats and with the exception of 49 were 
bom on the day of entry into the units. 

1 49 was the mother of 221 and 222 and these 24 worms represent only those which were 
distinctly immature. 

Summarizing the results of these experiments: success has been attained in 
transmitting the infection in each of three trials of housing together infected and 
uninfected rats in experimental umts having a moist substratum on which freshly 
gathered cotton rat nests had been placed. In the three trials a total of 15 out 
of 16 cotton rats became infected, as well as the only white rat tried, while 24 
parallel control cotton rats and 4 control white rats were uninfected. 
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FATRENCE REGARDING THE VECTOR 

During the past year 143 cotton rats have been trapped on the mainland part 
of Galveston County, Texas. Of these, 92 weighed over 100 gms. when caught 
and 05 of these larger mts, i.e. 85 per cent, were found to be harboring L. carinii. 
The percentage of infection among smaller rats was slightly less, increasing with 
apparent age until the}' had reached the iveight of 100 grams. At all seasons of 
the year enough immature worms have been found in newly caught rats to show 
that while there may be a seasonal variation in the rate of infection, some infec- 
tion apparently does occur throughout the year. 

With such a high prevalence of infection, a vector which is abundant in the 
habitat of the rats seemed to be indicated. Dr. Paul D. Hanvood- had failed to 
infect the seven species of mosquitoes found in the habitat of these rats in the 
adjoining Houston area. Extensive ecological studies made during the early 
phases of the program of which the present study is a part, also indicated that 
mosquitoes were not likel}'' to be the vectors. The experiments detailed above 
have definitely eliminated mosquitoes as essential vectors. Other biting diptera 
have been A'irtuall}’’ eliminated. PMebotoinus is not found in southeast Texas 
and Cidicoidcs or other midges have not been captured in careful searches of the 
environs of the experimental units. The search therefore seemed to have nar- 
rowed down to the ectoparasites of the cotton rat, and almost certainly one of 
these was the actual vector in the experiments reported here since no other biting 
arthropods have been found in the tanlvs. 

Out of 112 cotton rats caught in the area under conditions u'hich made a deter- 
mination of their ectoparasites possible, 63, or 56 per cent, were found to harbor 
fleas, Rhopalopsyllus givyni. The number of fleas per rat varied from 1 to about 
15, 4 or 5 being the commonest number. Ticks were found on 13 of these 112 
rats, but they were eliminated from consideration as the essential vector by their 
absence from the experimental units. Mites were found on 66, i.e. 59 per cent, 
of these rats in numbers varjdng from 1 to 20, the median number per rat being 
somewhere between 5 and 10. Part of these mites were mounted for taxonomic 
studies, others have been dissected (after positive identification) in a search for 
larval worms, while a third group has been used in attempts to establish labora- 
tory colonies. Of those identified, four specimens from as many rats were 
Liponyssus hacoii while the rest belonged to a new species of Atricholaelaps 
w^hich is being described by Dr. Russell Strandtmann of this department. Since 
Dr. Strandtmann has been working with Liponyssus for some time, his help has 
been valuable to us in our attempts to separate this species from the more 
common new one while the specimens are still alive and tmmoimted. As a result 
we are fairly confident that all of those used for cultures were Atricholaelaps, even 
though they were not mounted for careful study. In any case, it is certain that 
Liponyssus is only rarely obtained from these rats when they are brought imme- 
diately from the field to the laboratory in wooden box traps of a type recently 
described by one of us (Scott, 1945). 


s Personal communication. 



854 


J. ALLEN SCOTT AND JOY BAENES CEOSS 

In the tanks of experiments 2 and 3, Atricholaelaps has become well established, 
hundreds and occasionally thousands of specimens being found in the trash trays 
of the feeders. Only rarely, however, have one or two Diponyssus been seen in 
these trays, but once during the 5th week of experiment 2, 6 or 8 specimens were 
found, of which several were mounted for positive identification. Since the first 
rats introduced into each unit at the time the nests were added were not freed 
from their ectoparasites, a few fleas were introduced. They have multiplied 
only slightly, most rats having from one or two to fifteen on them when removed 
from the tanks. None have been found in any material taken from the tanks. 
Some of these fleas were returned to the tanks each time while the rest were dis- 
sected after all were identified as Rhopalopsyllus gwyni. 

On the grounds of abundance, then, both in the field and in the experimental 
units the evidence points to either Atricholaelaps or Rhopalopsyllus as the vectors. 
The results of dissections do not support this evidence, however, since nearly 100 
fleas and over 500 Atricholaelaps taken from infected rats or from experimental 
units containing infected rats have been dissected, but no developing forms have 
been seen. Parenthetically it should be noted that a species of mite of the 
family Chyleiidae was found in the cage of the first experiment, but there is no 
evidence that they are parasitic, the results of over 300 dissections were negative 
and they were not present in the second and third experiments. 

Since the first few specimens of Liponyssus bacoti from the rats and from the 
tanks were needed for taxonomic purposes, too few have been dissected to war- 
rant conclusions from the negative results obtained. It may be significant that 
the only living microfilariae found in any dissection were from one of these mites. 
The absence of infections in the other available species would seem to incriminate 
Liponyssus bacoti by a process of elimination. Its scarcity in the experimental 
units would, however, argue against its having been able to transmit the infection 
so regularly. Moreover, the fact that it has not been found as yet in a search 
through several cotton rat nests and the rarity of its occurrence on wild-caught 
rats would point in the same direction. On the other hand, Ave have observed 
that this species becomes much more distended after feeding than Atricholaelaps, 
indicating that it may be a much more intermittent feeder and may tend to drop 
off after feeding. If it also has some peculiar burrowing or hiding habit which 
we have not discovered, it may be more abundant than we think. It might also 
be possible that it is a very efficient vector and that the infection is fatal to it. 
If, under such conditions, the female had time before death to lay enough eggs to 
just maintain the population, the observed facts might Avell be explainable. 

SUMMAEY 

Successful transmission of infections of Litomosoides carinii, a filarial parasite 
of the cotton rat Sigmodon hispidus texianus, has been accomplished in all of 
three trials made by housing together infected and iminfected rats in a moist 
environment into Avhich freshly gathered grass nests of cotton rats had been 
introduced. Altogether 15 out of 16 cotton rats became infected as well as the 
only white rat tried, while 24 control cotton rats and 4 control w'hite rats remained 
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uninfected. The only biting arthropods found in the expei'imental units were 
fleas, Rhopalojysylhts gwjjni, and two species of mites, viz. a new species of 
Airicholaclaps and Liporijjssus hacoti. On the grounds of abundance both in the 
unite and on wild-caught rate either the fleas or the former species of mites 
seemed indicated as the vector, but 100 and 500 dissections respectively revealed 
no developing larvae. L. bacoH was rai*e both on vnld rats and in the units and 
too few were dissected for conclusions, but this species seems to be incriminated 
by the elimination of other possibilities. 
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The Prineiplct and Practice of Tropical Medicine, by L(ione]) Everard Napier, C.O.I.E., 
F.Tl.C.P. (Ix>ndon), formerly Director and Professor of Tropical Medicine, Calcutta 
School of Tropical Medicine; formerly Consultant to the Secretary of War and Visiting 
I^ecturcr on Tropical Medicine, Army Medical School; Visiting Lecturer on Tropical 
Medicine, Harvard Medical School; formerly Visiting Professor of Tropical Medicine, 
Tulanc University and Visiting Professor of Medicine, New York University. XVI + 
917 pages, with 105 text figures and colorplatcs A-D. The Macmillan Co., New York 
1910. 

Thi.s impressive volume is the record of a long period of experience and observation on 
the part of an able worker in tlic field of tropical medicine. For the most part it is based 
on data collected in India where the author spent many years in fruitful endeavor. The 
first 522 pages of the text were published without index in 1943; the remainder, including 
the index, while the author was visiting professor in the United States. In undertaking 
an evaluation of this contribution the reviewer has attempted to be sympathetic with the 
circumstances of publication, but at the same time he has been obliged to judge its merits 
objectiveli’. > 

Following a preface and general introduction, in which the point of view of medical 
practice in the Tropics is presented, there arc tlircc chapters dealing primarily witli tropical 
environment, tlicir effect on tlic human constitution and on disease. In considering the 
centers for special knowledge in tropical disease at tlie beginning of the present century 
(p. 2) Dr. Napier was apparcntlj- unaware that at tliat time Philadelphia and New Orleans 
were as import.ant as London, Hamburg and Baltimore. In defining tropical medicine and 
its scope (p. 3) the author gives tlie impression of being uncertain as to what this concept 
comprehends. In considering "Environment and Distribution of Disease” (pp. 4-15), 
“Measures for Mitigating the Effects of Tropical Climate” (pp. 16-32) and "Diseases Due 
to the Direct Effects of a Tropical Climate” (pp. 33-51) the discussion is well documented 
and the recommendations arc well presented and fundamentally sound, with illustrations 
drawn primarilj’ from observations in India. A serious omission is the failure to include 
the comprehensive study by A. Grenfell Price on “White Settlers in the Tropics” (1939), 
which provdes valuable data on a variety of tropical environments. 

The first specific disease to be considered in detail is "Malaria” (pp. 54-123). This is 
appropriate since malaria is tlie most important and most widely disseminated disease in 
warm climates. Most of the coverage is excellent but several comments are appropriate. 
The map showing world distribution of the disease (p. 55) is too small for effectiveness and 
is not up-to-date. In listing the important anopheline vectors (p. 66) the reader’s attention 
is called to the inclusion of A. erveians, which Las never been an important transmitter, 
while A. gambiae has not been present in Brazil since 1940. In this latter connection the 
introduction of gambiae “into South America, where it has caused a most disastrous increase 
in malaria,” possibly suggests that this vector became widely established, whereas it was 
never encountered except in northeastern Brazil. Malaria pigment should no longer be 
designated as “haemozoin” (p. 61), since it has been proven to be hematin. The exo- 
erythrocytic stage of the malaria parasites is suggested in the diagram on p. 62 but the 
reviewer has found no mention of it in the text. The fundamental implications of this 
phase of the infection have been particularly appreciated following the clinical studies of 
Brigadier Fairley (1945) on incubation, latency, relapse and therapeusis in vivax and 
falciparum malaria. 

Possibly the most serious imbalance in material presented on malaria is the small amount 
of space given to atabrine in the treatment of clinical cases and in suppressive administra- 
tion. Even with the realization that the results of Brigadier Fairley’s work may not have 
been available for publication at the time this part of Doctor Napier’s volume went to 
press, there were earlier publications from Malaya, India and the Panama Canal Zone to 
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commend its routine use even when quinine is available. Although a brief footnote n^n- 
tions DDT, this recent control armamentarium is not included in the subject index, ihe 

latest references on malaria bear the date 1941! .... „ , , 

In the chapters beginning with “kala-azar” (p. 136) “Prevention is usually taken up 
immediately after “Diagnosis” and before “Treatment.” The reviewer has not been 
able to fathom the logic of this particular sequence. • • 

“Kala-azar (Visceral Leishmaniasis)” is a disease on which Doctor Napier is an out- 
standing authority. Hence it is expected that he should give more space to it than might 
otherwise be justified. In general, there is splendid presentation of the epideimology and 
clinical aspects of kala-azar. Incidentally, mention is omitted of the endemicity of kala- 
azar in Szechuan and Sikong provinces in West China. (Yunnan Province is referred to 
as “Yunan,” Hopeh as “Chih-li” and Fengtien as “Fiengtien.” The incidence and geo- 
graphical distribution of the disease in South America are given too casual mention. In 
the consideration of specific therapy in kala-azar the reviewer is disappointed in the brief 
references to antimonials other than the tartrates, neostibosan and urea stibamine, while 
undue space has been devoted to the aromatic diamidines. 

The chapter on Oriental sore (cutaneous leishmaniasis), presenting another disease 
with which Doctor Napier has had intimate experience, is well-balanced and does full justice 
to the subject. On the other hand Muco-cutaneous Leishmaniasis, which is headed “South 
American Muco-cutaneous Leishmaniasis,” but is described as from South and Central 
America, is incomplete and not up-to-date. The only references to infection with Leish- 
mania hrasiliensis post 1926 are three which are cited from Tropical Diseases Bulletin. 

The reviewer had had no personal experience with “African Trypanosomiasis” but is 
favorably impressed with the presentation of this dual disease (due to the closely related 
agents Trypanosoma gambiense and T. rhodesiense). Doctor Napier rightly emphasizes 
the importance of symptomless carriers of T. gambiense, and the diagnosis of chronic cases 
by spinal fluid examination, but he fails to mention that the aromatic diamidines are 
potentially valuable in the acute stage of the disease when tryparsamide may not be toler- 
ated or when the strain of the organism is drug-fast to arsenicals or Bayer 205. 

In considering “Chagas’ Disease (South American Trypanosomiasis)” there is consider- 
able evidence of inadequate coverage and failure to check text and illustration. Although 
the text (p. 219) mentions most of the countries in which the disease has been discovered 
in man, only three (Brazil, Argentina and Venezuela) are shown on the map. Possibly 
a more serious omission is the failure to give a clear picture of the sequence of development 
of the lesions in this disease from the primarj' site through the blood stream to the reticulo- 


endothelial system, myocardium, adrenal cortex and central nervous system. The list 
of four references is totally inadequate. 

The autlior appears to be uncertain of terminology in his reference to the etiological 
agents of ‘ The Relapsing Fevers.” In fig. 62 (p. 225) it is Treponema recurreniis for the 
louse-transmitted types; in the text (p. 226) it is Spirochaeia recurreniis. Only one line 
(p. 232) is given to DDT in the prevention of louse-borne infection. Novarsenobillon is 
recommended for specific treatment, and penicillin is regarded as impractical because the 
computed dosage for man, based on small animal experimentation, is excessive. Clinical 
studies have shown that a much smaller dosage is effective. It would have been helpful 
in discussing the tick-transmitted strains of relapsing fever spirochetes to mention the 
many species of Ornithodorvs other than mouhata and erraticus which are involved as vectors 
of this spirochete. Rhipicephalus sanguineus is stated by the author to transmit this 
disease from dog to man. 

No consideration has been given to the preventive aspects of rat-bite fever In the 
chapter on “Leptospirosis” China and the Dutch East Indies are not mentioned, although 
they are important endemic countries. The only mention of Leptospira canicola is that 
this “strain is common in the United States” (which is contrary to reported evidence). 
Penicillin is not included in the therapeusis of this disease. 

Only thirty pages are devoted to “The Typhus Fevers.’-’ In the classification of the 
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cUolopicnl nponts Doctor Nnpior proposes (footnote, p. 260) a now superfamily, Rickett- - 
Eioidca, to include the family Ilickettsinceao for tlic pathogenic species and the family 
Wolbachncene (n.n.) for the non-pathogenic ones. It must be pointed out that the Inter- 
national Rules of Botanical hforocnclaturc which are involved do not recognize super- 
families and even if they did tlic zoological suffix oidca would not be used; moreover, it 
would be confused with oidcac. which is tlic botanical subfamily suffix. Bolivia is not 
includetl in the countries where lousc-borno tj*phus is known to have occurred in recent 
years (p. 2G1), 

The reviewer is not able to understand just how the feces of an infected louse serve as 
"the solo source of infection of tlio next generation of lice” (p. 262). On tlie following 
page, under "Ratholopy,” it would have been Jielpful if the arteriolar lesion had been 
dc.signatc<i as ‘‘Frankcl’s nodule.” Exception is taken to the statement on page 268 that 
the causative organism of murine typhus “is usually known as Rickettsia muricola" (i.e., 
it is usually referred to in the literature as R. nwoscri or R. prowazeki mooscri). Again, 
tabardillnisnot the appropriate term forendemic typhus of “the southeastern states of the 
U. S. A.” (p. 26S). Attention is called to tlie fact that “tsutsugamushi” means “mite” 
and should not be used to designate mitc-transmitted rickettsiosis without the accompany- 
ing word "disease” or "typhus.” Finally, the section on the typhus group of fevers suffers 
bec.ausc it was printed in 19-13 before differential complement fixation tests became estab- 
lished and before immune scrum and para-aminobenzoic acid were accepted as therapeutic 
agents for these diseases in man. 

In tlie brief chapter on Oroya Fever Bolivia is erroneously reported ns a focus (p. 289). 
Iso reference is made to the important epidemiologic studies of Hertig (1942). 

The chapter on Yellow Fever is well balanced and well presented and has been brought 
up through the year 19-14 by an addendum. In tlie dengue-sandfly fever group it is stated 
tliat “Aedcs alone transmits” dengue (p. 314). Arviigcres is a known transmitter. The 
presentation of sandfly fever is ratlier xuisatisfactoiy; it suffers particularly from failure 
to include tlic valuable data of Sabin, Philip and Paul (1944). 

In tlie chapter on Plague tlie map (p. 323) correctly shows an active focus of the disease 
for northeastern Brazil, although there is no mention of tliis area in the text. Tularemia 
is stated (p. 346) to be caused by Brucella txdarensis (SIC). In the undulant group of 
fevers the valuable contributions of Ruiz Castaneda (1941 ci seg.) have been overlooked. 

In reading the introduction to diarrheas and d 3 ’senteries ("The Intestinal Fluxes,” 
pp. 36S-369) the rex-iewer can not subscribe to the following statements; 

(1) "Amoebic dj'sentery. Primarity a dysenteric condition;” 

(2) “Flagellate dj’senterj'. A diarrhoeal and occasionally dysenteric condition.” 

(3) “Ciliatc dj'senterj'. A rare but serious condition.” 

As the ax^erage phj’sician knows, amebic dysentery constitutes only a small percentage 
of cases harboring E. histolytica and is not a major clinical manifestation in most endemic 
areas, hloreover, there is no proof that Giardia lamhlia, Trichomonas hominis or Chilo- 
maslix mesnili initiates dysentery. Balantidium coli is not a rare cause of dysentery in 
Venezuela and certain other countries of northern South America. 

The chapter on cholera is excellent and leaves little to be desired. 

Although Doctor Napier has followed tradition in referring to Shigella infection as 
“Bacillarj'- Dysenterj',” he admits that the disease manifestations produced by species 
of Shigella “vaiy from a mild diarrhoea, in which the patient is scarcely inconvenienced 
at all, to a very severe toxaemic attack which simulates a severe attack of cholera; in neither 
of these extreme cases does the true dysentery picture appear” (pp. 405-406). Yet he 
avoids the newer designation “shigellosis,” because “it is at present a little confusing for 
clinicians.” No mention is made of the valuable epidemiological studies of Hardy and 
Watt (1942 el seg.) on acute diarrheas, or of the particular usefulness of autogenous vaccines 
in the treatment of chronic Shigella infections. 

The subject of amebiasis is presented under two chapter headings, “Amoebic Dysentery” 
and “Amoebic Hepatitis and Liver Abscess.” Although the author refers (p. 425) to the 
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dysentery is a rare incident" in the temperate rone in a particularly dithcitii "ne to rntr q.r«-! , 
since the reader is not certain if llie author meam franl: dyi . ntery ^.Ukv) or mm foe 

colitis. However, trvic dysenteric ninnifetitalionn in amef.i.a-!-' an- not r.me in patient** 
wlio have never been outside tlio I’nited Stnfe.i, n.i the ri-cori!" <>{ tin- M.ayo ( linir and many 
other medical institutions in tlie I'nited States testify. Ihi.* ibly Doc li/r .t'npn'r hae «!?.'■.*.’ n 
his inferences from a comparison of Indian and i*-n',;li‘di ilatiu Mortover, the ohbr i'i'.a 
that amebiasis "is not common anioni'.st chililren" (p. '>‘21) in m* lonvi'f t* nable. 

In discussinR laboratory dinstnosis of amebiasis (pp. n" sn* tition k ton'le of tl.e 

usefulness of D'Antonl's iodine stain or of the rinc i.ulphate eeritrifuyal i’.<>at-iti''n teeht.ie 
for concentratinR amoliic cysts from feec.s. TJte reviev.er can iml aer< pt th>- j ’.a** n.'-ut 
that the presence of Charcot-Leyden crystals is tiKnilie.ant. In the majority «*f of 

persons suffering from amebic colitis tbese bodies can not be demom'trhti d. The t aodlent 
diagnostic figures of amchic troplior.oitca and cysts (Plates XI and Xll), v.d.tch hav<- been 
borrowed from Dr. John 1'. Kessel, are unlahcUed. 

In the treatment of acute or chrotuc “amebic dyrentery" Dnetor Xapler phaci s his 
faith on emetine, bismuth and carharsone, with emetine himmilh iielide as an alternative 
and chiniofon, vioform and diodoquin incidentally mentioned tinder trc.atrnent of the 


chronic infection. For a comprehensive ov.alualion of antiainidiic th'Tapy the re.a>lcr 
is referred to the excellent paper by Professor A. II. D. Adams," .Xmoebla'i'is with spi-elal 
reference to treatment" (Trans. K. Soc. Trop. Med. and llyg., 2.'17-211, I'.i!.'*}. In 
the volume under review there appear to be no recommendations for follow-up stool e.xari.i- 
nations. 


As a whole the consideration of amebiasis of the liver is sound but the statement (p. -'ir/O) 
that “there appears to be no danger of liver abscc.s.s developing in the inte.stinal amoebic 
infections that occur in temperate climates” is certainly not borne out by the exfierirnco 
of the Mayo Clinic, the Duke Ilo.spital and the numerous clinic.al studies on ameldasis in 
New Orleans. This chapter lacks a bibliography. 

Sprue is defined as “a diarrhocal condition of uncertain aetiology” and i.s sejiarated 
by nearly 300 pages from the deficiency diseases. 

The chapter on Leprosy (pp. 481-522) written by Dr. John Lowe, is a sound and dis- 
tinguished contribution to medical literature. 


Relatively brief but adequate space is devoted to Yaws, Pinta and Bejel (pp. 523-512). 
Under “Tropical Skin Conditions” the commonly used designation “cutaneous diphtheria" 
is not mentioned in the discussion of ulceration cau.sed by the Klcbs-Locfncr b-icillus (pn 
551-554). 


The reviewer is disappointed in the limited scope given to mycotic infections. Except 
for the common dermatophytes no consideration is given to this prcv.alent and imjiortant 
group of disease-producing agents in the Tropics. The systemic mycoses arc not presented . 

The portion of the book allotted to “Hclminlbic Infections” (pp. 58(5-740) is adequate 
and in some chapters the presentation is good. The best and most useful chapters on 
helminths are the two on “Filariasls” and “DracontlasiB," fields in which the author lias 
had years of experience. Several of the other chapters bear witness to inadequate personal 
contact with the infection or acquaintance with the work of students of the subject. The 
reference citations are not comprehensive. It is unfortunate that inconsistencies occur 
as a result of the author’s selection of this material from two groups of workers who use 
different'terminology, viz . Trichocephahis Irichiurus" vs. “ Trfe/mris Irichiura” (Tabic XV 
p. 588 and Tables XVI, XVII, pp. 591, 592, c( scg.); “egg” and “ova” (text, p. 59(5 and fig’. 
143, p. 597). The use of the common name “threadworm” (p. 600) for Entcrohuis vcnnicti- 
laris is unusual; this is more frequently reserved for Slrongyloidcs. However, this merely 
illustrates how unsatisfactory nonscientific names are for parasitic agents of disease. In 
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5’ ^ f* n-'t- r . 0 , ’*Snn5.r.« .and Sn.alt- liito” (pp. MO-STiP) lacbs sudicient dct.ails 
o‘;.r-- in .a-r.a- < vividc Jtjlin, n»-\ ortbelc;,-- the general iire.-^ent.ation is informative. 
■! f j" Tj p. **',<- * n *' Habit r,” and "A Note on Myiasis and Scarabiasis” 
f ar- i Mf ivt! r<':ir,t'<‘!od nitb other nrou|>s of rubjcct matter. 

-din;: tl \. !sir.-." for c.-ntent, mefbod tif prrrentation and b.alancc rather than 
r ■ff.'.jdiicfd errots the reviewer lia.s probably mia.tcd some of the most 
iu otthf'frajdiy. A few which have been discovered include: p. 3, last lino, 
'! r.rr.f.:-';” p. i'>7, footnote, •‘ft.ain” for ‘‘strain;” p. 2S9, next to last para- 
p' *>!’■ for’*!.- .’t.r’.!!;” }i. 31’A,2nd p.nrapr.apb, 2nd line, ‘‘Vunan” for ‘‘yijnn.an;” 
ji. r:'A. I't;'. “j '-Iv.’ttie” (of rortucuf.'c deriv.ation) for ‘‘silvatic” (of L.atin origin); 
p i."'-. 2r.d 5 -.*,T.'.r.r.-.j<h, first line, ’'I.o*t1i” for ‘‘I.O; cb;” p. •127, 2nd paragraph, '‘bu/schlti” 
f. r ..’o-bb;;” p. -JM, 2nd line of te\t, “infe.=t” for “infect;” and p. 5S9, Table 
XV, ’'cV-toif.','' for ''(V»5o;dca” .and “Cyclopbylidea” for “Cycloidiyllidoa.” 

Hr;.'.’ c..jn}.‘.r-n; clionld !>e inadc on th.t* il!u,>-trations. There are 195 text figures, including 
jv-r.; f -!,< n-..a!ir tiir.rr.at’.ts. temperature charts, prapb.“, line and stipple drawings, and 
p’.otf grapl Wcrld map* showing distribution of tli.sca.sc frequently sufTcr from too 
pri*at rt of t!,e line and stipple illustrations are dingrammaticall.v cfTcctivc 

btj: ore.-..;<\r.ally thc.v .are not .accurate. Tboje on brlniintb eggs could have been reduced 
to .advantage, fvvtr.tl <if the life cyele nn<l epidemiologirnl diagrams in tlie section on 
l.cln’.i;):!.*. v.-'Vdd b.'.ve bf csi tnore effective if the blocks bad been left unshaded; the shading 
p:;-d»!e.-s fi >;;<tn*b!n;: optical impre.eeion (vir., Tig. M3 j). 397) which considerably reduces 
th.e \ alije of the iilui'tr.atioii. The jdmtograpbs are on tlie whole too dark. This comment 
applic- partindarly to the ones on IhanrroftV filariasis (Figs. 1CG-175). Of the 4 colored 
plates }i*t<''i (only .3 have been found by flic reviewer) the first (FronfiEjiiccc A) detracts 
fioj;) the appe.ar.ance and value of the book bccau.se of the inartistic, unlifelike and fre- 
<i«ently inaccur.ate irdividuid illustration.*!. In Frontispiece B the illustrations of 
7Vep'''r.er.n rrcarreafi.e (II) and Lfplnxpira idcrolcmonhagiac (.)) arc misleading with 


re'pjeel to relative sire. 

The fonnat of the book is fairly good, but too much space is employed in the large-sized, 
widely fep.aratisi outline.*.- of material presented at the beginning of several of the chapters 
•ami .*-jiace is frequently \vn.sto<l where a short reference list occupies a full page. Some of 
the p.nges have blurre<l print. The subject and .nuthor indexes arc fairly complete but not 
c.xbausfivc. The reviewer's copy is poorly bound, with the clotli cover of tlie board unglued 
on arriv.al nii'l mottling v.-bicli was apparently caused by d.'unpnoss in transit through the 
m?iil. T}ie.**o rpjnlitics hardly recommend the volume for use in the moist Tropics. 

If the reader lia.s had the patience to follow through to the end of tliis review, he will 
note that there is much in Doctor Napier’s “Principles and Practice” which constitutes 
valuable information in tlie field of tropical medicine. Certain chapters or portions of 
cbaptcre must be evaluated in the light of better or more modern presentation of the subject 
in recent textbooks, monographs and original papers in medical and allied journals. The 
most noticeable discrepancies in subject matter are (1) too brief consideration of the typhus 
group of fevers, (2) inadequate presentation in mycology and (3) no section devoted to 
medical entomology. Another criticism is that the literature of tlie last five years has 
been rather consistently neglected, even in tlic latter part of the volume which was printed 
anew in the United States. Moreover, there is repeated evidence of the autlior’s inability 
to accept tlie newer concepts and perspectives in medicine. The diseases with which the 
author has had experience in India have been presented quite satisfactorily, while those 
w'itli which be has not had prolonged, intimate contact have suffered in presentation. 
The volume lacks balance and coherence. This may be due to Doctor Napier’s difficulty 
in deciding exactly what should be included in a manual of tropical medicine and how- much 
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Bpace should bo given to each subject. Finally, it lacks tljc most essential background 
for a useful textbook or reference book, namely critical editing. These shortcomings 
make it impossible for the reviewer to acclaim the volume as a notable contribution to the 
theory and practice of disease in warm countries. 

Ernest Carroll Faust 

Insect Microbiology, by Edward A. Steinhaus, Assistant Professor of Bacteriology and 
Assistant Insect Pathologist to the Agricultural Experiment Station at the University 
of California, Berkeley, California. X and 7C3 pages, with 250 illustrations. Comstock 
Publishing Company, Ithaca, N. Y. 

As the author states, in a sub-title, tliis work is “An account of the microbes associated 
with insects and ticks witli special reference to the biological relationships involved.’*- 
It is written by an authority who is well known because of his contributions to subjects 
considered in this book and in writing it he has placed upon record an enormous amount 
of data which should prove of the greatest value to all interested in tlie subject. 

The main body of the book is divided into the following chapters: Specific Bacteria 
Associated with Insects; Intracellular Bacteriumlike and Rickcttsialike Sjunbiotes; Rick- 
ettsiae; Yeasts and Insects; Fungi and Insects; Viruses and Insects; Protozoa and Insects; 
Protozoa in Termites; Immunity in Insects, and Methods and Procedures. There is a 
bibliography and an index of authors and of subjects. 

In the chapters devoted to the relationship of specific organisms and insects, each 
organism is considered separately, and the data regarding its association with insects is 
given in detail, thus affording one access to most of the important work that has been 
accomplished in regard to relationship of organisms to their insect hosts, methods of trans- 
mission of these organisms to animals and man, and much other data of importance. 

Within the limits of a review it is obviously impossible to consider in extenso the mass 
of valuable data presented in this book but it may be stated, ndthout exaggeration, that 
nowhere else in English null one find so complete and accurate a record of most of the 
subjects considered. However, it may be stated that in view of their importance, the dis- 
cussions upon amebiasis and malaria appear inadequate. In the consideration of the rela- 
tion of insects to amebiasis very little data are given and the work of Thomson and Thomson 
(1916), Wenyon and O’Connor (1917), Roubaud (1918), Root (1921), Frye and Meleney 
(1932), and Alexander and Dansker (1935) upon the relationship of flies to amebiasis is 
not mentioned nor is that of Pipkin (1942). In fact, the chapter upon “Protozoa and 
Insects’’ is a great disappointment when compared with others in the book, for even so 
important a subject as the relationship of mosquitoes and malaria is much too briefly 
considered and a vast amount of research work which has added greatly to our knowledge 
is not mentioned. The entire consideration of what is probably the most important of 
all of the insect transmitted diseases, i.e. malaria, covers only seven pages. It is noted 
that no mention is made of the exo-erythrocytic cycle of development of tlie malaria plas- 
modia and credit is not given Craig for the discovery and first description of Plasmodium 
ovale, in 1909, although he did not name it. The absence of any illustrations of the various 
species of plasmodia detracts from the value of this discussion of the subject. VTiile the 
author states that he is considering the subject briefly, he has done so much too briefly to 
render his discussion very valuable and it is certainly not up-to-date in many respects. 

It is noted that in discussing the Leishmania the author lists Leishmania donovani var 
infantum, as a good variety, but this is not accepted by most authorities and infantum is 
considered as a synonym of donovani. In the consideration of dengue fever much valuable 
data regarding the transmission of the virus by mosquitoes is omitted and the mechanical 
transmission of the virus by these insects, first proven by Ashburn and Craig (1909) is not 
mentioned nor are these investigators credited with the discovery that dengue is caused by 
a filterable virus and the contribution of much data relating to this virus. 

Except for the subjects mentioned above the book is very complete and can be cordially 
recommended to public health officers, entomologists, research workers and all who are 
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interested in tlie relationship of insects and pathogenic and non-pathogenic organisms. 
It should prove of special value to the public health worker and physicians interested in 
preventive medicine and as a work of reference for students and practioners of medicine. 
The addition of illustrations to tlie discussion of amebiasis and malaria will greatly increase 
the value of tlie book as will a more extended discussion of these subjects. The book is 
bcautifullj' printed and bound and the illustrations are excellent. The Bibliography, as a 
whole, is good, but many important omissions are noted. 


Chaeles F. Ckaiq 
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History op Trypanosomiasis in Liberia 

The first authentic record of trypanosomiasis in Liberia is by the Harvard 
Expedition in 1926, when Dr. Max Theiler examined 10 children in the towns of 
Bakratown and Paiata and found trypanosomes in material aspirated from the 
cervical lymph glands in 5 cases. 

Dr. G. W. Harley, in an article “Ganta Dispensaiy Patients”, published in 
1933 in the American Journal of Tropical Medicine, records 12 cases of trypano- 
somiasis from the Central Province, near the French border of Liberia. From 
his description some of the cases must have been moderately advanced. 

My interest in trypanosomiasis began in 1934, Avhen a schoolboy died in the 
town, of Sobobo, on the liru coast near Sasstown, with typical symptoms of 
trypanosomiasis. Laboratory examinations were made on blood and spinal 
fluid, but "with negative results. Later, in 1936, when employed by the Fire- 
stone Plantations Company at the Cavalla Plantation, my cliief surgical assist- 
ant, Thomas Brown, a Kru boy, developed clinical s 3 Tnptoms of trypanosomiasis. 
He had been in school at Freetown, Sierra Leone, for several years and had 
returned to Liberia in 1932 in good health. He developed enlarged cervical 
l3rmph glands, lassitude and lethargy. I failed to find the trypanosomes in the 
gland material or in the blood. His spinal fluid cell count was 250 cells per c.mm. 
He was ill four months with typical symptoms of trypanosomiasis and later 
developed Chejme-Stokes respiration and died. 

The loss of my most valuable assistant stimulated my study of trypanosomia- 
sis. I reviewed all the material available on the subject and determined to 
find the organism in future cases. The folloumg is a summaiy of my findings 
in three cases in the Cavalla River area. 
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CASE HISTORIES 

Broubo, tribe Grebo, male, age 16. Admitted to the Firestone Cavalla 
Hospital on December 17, 1937, with a, temperature of 100.3°, pulse 120, in a 
stage of advanced somnolence. Hemoglobin 55 per cent; erythrocyte count 
2,670,000. Examination of urine showed it to be normal. A spinal puncture 
was done and trypanosomes were found in the spinal fluid. Four days later 
the patient died. 

Wata, tribe Grebo, male, age 10. Admitted to the Firestone Cavalla Hospital 
February 10, 1938. Patient lived near the Cavalla River. He slept most of 
the time and was carried in by the Chief of Gedetarbo, with a temperature of 
100° and pulse of 110. A puncture of the cervical lymph glands was done and 
trypanosomes were found in the material obtained. The patient died the 
following day. 

Dueh, tribe Kru, male, age 12. Admitted to Firestone Cavalla Hospital 
April 26, 1938, for a deep sleep from which he could be roused only with great 
difficulty. Temperature 102°, pulse 100. He had extremely large cervical 
glands. Trypanosomes were found in the thick blood smear. The patient died 
four days follo^ving his admission to the hospital. 

In November, 1937, a visit was made to the French Ivory Coast, where I 
talked uith the French Medical Officer at Tabou. He stated that cases of 
trypanosomiasis were frequently seen there and that he had 5 patients under 
treatment at that time. This increased my interest in the disease, as it seemed 
unlikely that trypanosomiasis would occur on one side of the Cavalla River and 
not on the other. 

The three cases described above were reported to the Firestone Plantations 
Company and to Dr. G. Fuszek, at that time Director of Public Health and 
Sanitation for the Republic of Liberia. The blood slides containing the trypano- 
somes were demonstrated to Dr. F. Mouri, Medical Officer of Health of Maryland 
County. Dr. Fuszek informed me that a doctor previously employed at the 
CavaUa Plantation had found one case of trypanosomiasis there. He also 
stated at that time that trj’^panosomiasis did not occur in Liberia, but that a 
few cases had been imported from British and French colonies, the Spanish island 
of Fernando Po and the Portuguese island of St. Thomas. He stated that 
native laborers who wnnt to work at the cocoa plantations of St. Thomas and 
Fernando Po had probably introduced trypanosomiasis into the coastal region 
of Liberia. Large numbers of these laborers were sent from Liberia to these 
islands following the World War, and wffien they returned they were in very 
poor health. The agent for the Spanish and Portuguese Steamship Company 
stated that many of these laborers lay on the deck of the ship in a semiconscious 
state. Some of the laborers wdth whom I taffied after their return from the island 
of Fernando Po stated that many of their companions had died of this sleeping 
sickness during their stay on the island or on their way home. 

The first known writing giving information about medical practice in Liberia 
is “History of Africa Missions of the Protestant Church” by Mrs. E. F. Hening, 
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^blishcd in 1S50. The material for the book was obtained from the letters of 
Dr. Savage who spent sei-en years (from 1843 to 1850) in Cape Palmas, Liberia. 

He was a graduate of Johns Hopkins Univei-sity, and gave a clear clinical de- 
scription of many of the diseases he obsen^ed, A very careful study was made 
of his cases to find out whether any contained clinical symptoms of tiypan- 
osomiasis, but none were found. However, most of his cases were illnesses of 
the white staff who had been onh-- a short time in Liberia. He describes yellow 
fever, malaria and dysonteiy. Of the 16 cases described on one tour of service, 7 
died and 3 were sent home invalided, but 6 were able to stay on and continue 
to live in that area. 

One of the best ewdences that trypanosomiasis is endemic in Liberia is the 
fact that there is a word for tiypanosomiasis in most of the native languages. 
However, native people do not associate the disease with the presence of the 
tsetse-fl}'. The natii'e Medicine Man, or Zo, can give a very accurate clinical 
picture of trj’^panosomiasis. 

The native names for trj’-panosomiasis are as follows: 

In Gbandi — Gechaibohc In Kpelle — Yekolofla 

In Kissi — Is'ar-maloh In Bassa — Nyeonmoweh 

In Buzzi — Nycwenezibeh In Kru — Nyono-kweh 

The native names given to the tsetse-flies are as follows: 

In Gbandi — Dehowologi In Kpelle — Meileh 

In Kissi — Yollo In Bassa — Wloo 

In Buzzi — Defowologi In Kru — Giekawloo 

I inquired of the native people in 1932 whether the disease Nyono-kweh 
(ICru name for sleeping sickness) had occurred in the Kru tribe in the past. 
George Watte, an old Kru man, stated that the disease was present on the I&u 
coast in his grandfather’s time, but that there were few deaths in any one year. 
The native custom was to drive people from the tovm if they showed signs of 
stupor and to force them to live in the rice kitchens at the farms, where they 
usually died of neglect. 

^\Tien cases were later found at the Firestone Cavalla Plantation, the Grebo 
chiefs of Gedetarbo and Webo were asked if sleeping sickness occurred in their 
countrj''. They replied that the condition was tlie same as in Kru country and 
that the same word was used for sleeping sickness 63 '- the Grebo tribe as by the 
Kru. 

In “The African Republic of Liberia and the Belgian Congo”, by Richard P. 
Strong, an account is given of a Vai tribesman, Doala Bukere, who invented 
the Vai alphabet. It is believed that he died of sleeping sickness. Sir Harry 
Johnston also gives a colored photograph of a Mandingo of healthy appearane 
who, he states, died of sleeping sickness aftera^ards in 1905.^ ^ 

The Vai and some other tribes refer to the disease as “ball sickness”. This 
is interesting because the Vai tribe originated an operation to reinove the en- 
larged glands in the neck. The art of the operation was learned later by the 
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Buzzi Medicine Men and at present it is performed mdely in this tribe. The 
operation is so common that, in making a sleeping siclmess survey of the Buzzi 
tribe, the presence of scars on the neck of a number of people was strongly sug- 
gestive of trypanosomiasis. I have treated many patients who had from one 
to six of the cervical glands removed. The native theory is that removal of 
the glands -will cure the disease. The operation is a simple one. The surgeon 
holds the enlarged gland between his thumb and finger and makes an incision 
over the gland one inch or more in length. The exposed gland is then caught 
by an instrument similar to a fish hook and dissected out Avith a blunt instru- 
ment. The control of hemorrhage is by an adaptation of the circumcision 
technique. The bleeding skin edges are pressed tightly together, using two pieces 
of bamboo, the firm pressure stopping the hemorrhage. After the bleeding has 
been controlled, charcoal or white clay is apphed to the wound. No anesthetic 
of any kind is used in these operations. Infection occurs in a few cases, 
but most wounds heal Avithin a short time. The native people state that 
this operation has been performed among them for many years. Since it is 
painful and expensive, even when done by a native Medicine Man, patients 
do not object to coming and taking a course of tryparsamide treatment 
instead of undergoing the operation. 

Although Winterbottom observed cases of trypanosomiasis in 1803 near 
Sierra Leone, the disease must have remained there at a Ioav level of infection 
rate until the close of the World War. About that time more interest was given 
by the British and French gOA’^emments to the native affairs in the interior of 
their colonies, and more supervision exercised. Developments were begun and 
trading stations opened up in many parts of the interior. Gradually roads 
and railroads Avere built, Avhich made travel commonplace, so that tribesmen 
went long distances. In the old days tribal Avars and boundary disputes kept 
the natives AAuthin their oaati tribe limits or villages. These barriers blocked 
off the country into small areas and localized epidemics. The establishment of 
large cities along the coast and the development of the natural rubber industry 
in Liberia broke dowm these old barriers, so that epidemics were no longer local. 
While there is little or no road development in this part of the Republic of Liberia, 
the French and British roads are AAuthin a few miles of the Liberian border and 
the commerce of these two countries affects the interior tribes of Liberia. The 
porterage system of Liberia and the recruiting of labor for the rubber plantation 
has taken many natives from then local familiar surroundings into a new en- 
vironment. Thus the dcA-elopment of roads and industry and the stopping 
of natme AA’ars haA'^e produced neAv social and economic influences. Trypanoso- 
nuasis is now no longer a disease affecting a feAV tribesmen, but has been in- 
creasing at an alarming rate. Since Avithout the help of native laborers the 
wealth of West Africa cannot be dcA’^eloped, it is necessary for the governments 
concerned to control the disease. 

The French colonial officials haAn been aAvare of trjqjanosomiasis in West 
Africa for many years. They began control measures in French Guinea in 1930 
and haA-e continued them consistent^ eA’er since. This colony forms the north- 
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cm boundnry of the Republic of Liberia. The n.ative Ivissi and Buzzi tribes are 
fotmd in both countries and health conditions arc about the same in the general 
area occupied by these tribe.s on both sides of the boundary. A central la- 
boratory 01 the trypanosomiasis .‘service was established in Gueckedu, French 
Guinea . and the whole population h.as been examined several times. Gueckedu 
is^3 mile.c from the Liberian border and probably the geographical center of the 
Kissi tribe. A European doctor, with a well-trained staff of native assistants, 
has been at work there continuously since the beginning of 1930. For a number 
of ycan= evorj- native entering French Guinea from Sierra Leone or Liberia 
w.as examined. Probably more than one-third of the Kissi tribe live in French 
Guincji, about one-third in Liberia, and loss than that number in Sierra Leone. 
They occupy an area of land often described as being the shape of a vermiform 
appendix, approximately 3 miles in width and more than 22 miles long. In this 
area, the French physician in charge of tri'-panosomiasis work noticed that it was 
impossible to reduce the incidence of trj’^panosomiasis, vhile in other sections of 
French Guinea, as, for instance, around Gueckedu, the rate of infection had 
been steadily reduced. It was his opinion that cases were coming into this area 
from the surrounding British colon}- of Sierra Leone. The attention of the 
British Government having been called to this fact in 193C, an investigation was 
started by Dr. \V. ^^'i!{iams, IMedical Officer of the Kailahun District of Sierra 
Leone. Cases of trypanosomiasis were found and the work of control was 
first organized in Sierra Leone under Dr. Williams. 

In 19-10, Dr. R. D. Harding who had been for many years in Nigeria in trypa- 
nosomiasis scr\-icc, took over. He has published a great deal on trypanosomiasis 
both in Nigeria and in Sierra Leone. In his paper remening trypanosomiasis 
from January to April, 1944, he states that the incidence in the Ifissi Kama and 
the Kissi Tcng sections was 20.3 per cent in 1940. This section of Sierra Leone 
forms the boundarj- of Liberia. The first British training center for teaching 
as.sislants ivas located at Quendu, Sierra Leone, 3 miles from the Liberian border 
near the town of Sodu, Liberia. Quendu was about the center of the Sierra 
Leone epidemic. Sodu had the highest rate of trj-panosomiasis infection found 
by me in any town in Liberia in 1941. Sierra Leone has maintained a trypa- 
nosomiasis unit under Dr. Harding since that time, and while the rate of in- 
fection is now less than 1 per cent, e.xcept in one small area where intensive work 
is now in progress, resurveys are done regularly to find an}'^ new outbreak. 

In 1940, Dr. J. S. Seldon, Director of Public Health and Sanitation for the 
Western Province, Liberia, made a survey at the request of Dr. R. G. Fuszek, 
then Director of Public Health and Sanitation of Liberia. He was employed by 
the Holy Cross IMission of the Protestant Episcopal Church. F ollomng a survey 
in Kissi countrj-. Dr. Seldon reported that there were many cases of trypa- 
nosomiasis in all sections of this area. He diagnosed 42 cases at his clinic of the 
Holy Cross Mission Hospital in Bolahun and treated them. 

Dr. Leo Sajous, i^Iedical Officer of Health for the Liberian Gover^ent m 
charge of trypanosomiasis, arrived at the Government Station of .voiahun, m 
the Western Province, early in 1941. 
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The author arrived in the Western Province, Republic of Liberia, in March, 
1941, sent by the Firestone Plantations Company to assist the Health Depart- 
ment of the Republic of Liberia with the problem of trypanosomiasis. The 
needed supplies, drugs and equipment were also furnished at the same time by 
the Company. 

The first stage of my program was to train young natives to use a microscope 
and assist with the laboratory and clinical work. Later on other natives were 
trained in certain phases of treatment. A period of three months was spent at 
the first station in training, and then another three-month period at the second 
station. During these first months frequent trips were also made to Sierra Leone 
to observe the diagnosis and treatment units. Dr. R. D. Harding, at that time 
in control of the work in Sierra Leone, was very helpful as a teacher, giving all 
possible assistance. 

The local government of the Interior is under a District Commissioner, ap- 
pointed by the President of the Republic of Liberia and assisted by the Para- 
mount Chiefs. Each tribe has a Paramount Chief, assisted by five Clan Chiefs. 
In the Kissi tribe the Paramount Chief has approximately 23,000 people in his 
chiefdom. The various Clan Chiefs have from 4,000 to 6,000 people each in 
•their clans and are assisted by the town chiefs. There are from 40 to 60 towns 
in each clan and each town has its o^vn chief. 

In a trypanosomiasis campaign the best unit of the population to deal -with is 
the tribal clan, which represents approximately 4,000 to 6,000 people. This 
unit of government is headed by the Clan Chief and the people are used to his 
authority. The entire tribe is too large a unit and a to^vn is too small to be 
convenient in handling large numbers of cases of the disease. The best place to 
start diagnosis work is the to^vn where the Clan Chief resides. The next step is 
to ask the Clan Chief to furnish a list of the toAvns in his clan, with the approxi- 
mate number of houses in each town and the name of the to'wn chiefs. 

Method of Examination and Treatment in 1941-1943 . — ^At the end of the 
training period about 100 laboratory examinations could be made each day, with 
the help of the assistants. The Clan Chief was asked to call all the people of 
a town or several tovms, depending on their size. Two hundred to 400 persons 
could be seen daily. When a group of people was gathered, they were placed to 
form a line beginning some 20 feet from the examiner’s station. At a signal to 
the assistant at the head of the line, a native is sent toward the examiner. As 
the person approaches the examiner his gait is carefully noticed. A change in 
coordination can be obseiA^ed in early cases of trypanosomiasis. The patient is 
then examined carefully for any enlarged glands. He is placed with his back to 
the examiner, the cervical glands being first palpated, then the epitrochlear and 
inguinal glands. Special care is taken to observe change in size in the posterior 
cervical group, because this is the group where the first swelling usually occurs. 
The patient’s temperature is noted during palpation and a reading taken if there 
seems to be any question about it. High fever can easily be found in the regular 
course of examination. All persons who give no signs or symptoms of the 
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disease clinically are marked negative and allowed to return to their homes. 
Those who have fever, glandular enlargements or nervous symptoms suggestive 
of sleeping sickness, are kept for laboratory examinations and divided into two 
groups by marks on their chests. Those ■ndth glands large enough to be punc- 
tured are marked -f . All others are marked P for positive. The serial number 
in the examination is also marked on the patient’s chest; for instance, the first 


patient would be -1- 1 and the second P2, and so on down the series. The patients 
now go to the clerk’s table, where the foUovdng records are made: name, age, 
sex, father’s name. Paramount Chief’s name and Clan Chief’s name. 

From there the patients are sent to the table for taking blood slides and the 
same number is marked on the slide as on the patient’s chest. A thick blood 
slide is made with three thick drops on one slide. The patient then goes to the 


waiting shed, where he remains until called. Blood slides are taken of all cases. 
After diying, the thick film preparations are dehemoglobinized and stained vith 
Giemsa stain. When dry again, the slides are ready for examination. 

While the staining and drjung of the slides is in progress, the microscopic 
examination of the enlarged glands is started. In the waiting shed the cases 
marked -f are separated from the others and gland punctures are done on all of 
these. As soon as a microscopist finds a trypanosome in the fresh gland fluid, 
the doctor is called to confirm the diagnosis. If the patient is found to be posi- 
tive, a history is taken and a physical examination done, after which he goes to 
the treatment department where he receives his first treatment and is told to 
return in 5 days. His blood shde is then removed from the other slides, because 
a diagnosis has already been made. ^^Tien all the gland punctures ia\e een 
completed, the examination of the thick film preparations is . 

UsuaUy the trypanosomiasis station was constructed in the Clan Chief s town. 
A clearing approximately 400 yards from the town was made large enougi o 
accommodate the diagnosis and treatment sheds, constructed of native poe 
and roofed vdth palm fronds. The sheds were 15 by 25 feet and our of 

them were constructed. Stick fences were buUt to make it easier to ^ccP pat on 
in line and to lead them to the places where they '' , S15 00 
construction of these diagnosis and treatment units ^ 

for the four sheds. Ordinarily, this center iv^s used for thre« w ‘iks or more for 

the diagnosis unit, and for ten to twelve weeks for for 

The foUovdng factors are significant in getting natne p p 
trea“ st:tions must be so located that a -t ve « 

walk more than two hours to get 

days a week at these stations. It is ^ ery ‘ ‘ week He 

the five-day period, but usually he will return the ^me day 

is very reluctant to leave his clan and en er to use microscojies. 

During the training period, ten young natives " the fresh material 

They were taught how to search for the ac in a thick blood 

obtained by gland puncture, and for the s ai * ‘ j. j j ...{^.lining. In 
smear. They assisted in such work as mimbenng the sIk1c> 
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addition, five young natives were trained to do a veiy simplified form of treat- 
ment. The most difficult part was to teach them to do intravenous injections, 
but this was accomplished satisfactorily after a period of training. 

During this first term of service in the Western Pro\’ince of the Republic of 
Liberia, many difficulties were encountered in connection with the work. The 
first problem confronting us was the total lack of census of the country, no one 
knowing what the population really is. The only rough scale to judge by is the 
number of huts oh which the Government collects taxes. This is not a very 
reliable index, as there are “ghost tovms” consisting of a few huts in a dense 
wooded area where a few people live, the location of such towns being closely 
guarded with secrecy in order to avoid paying taxes. 

The training of assistants is a difficult problem in the interior of Liberia, where 
there are no schools which teach above the fifth elementary grade. Young men 
from the coast are not content to work in the interior, as it is lilce a foreign country 
to them. The interior is ruled by one man, the District Commissioner, and un- 
fortunately he has had little or no public health education. The police help 
furnished by the Government are not well trained nor very dependable. There 
are also many trying problems in dealing with native labor. 

During the first term of service (1941-1943), which lasted 26 months, a total 
of 90,980 persons Avere examined clinically for trypanosomiasis. There Avere 
31,397 laboratory examinations made during the campaign and 13,481 cases of 
trypanosomiasis diagnosed, 6,803 of them males and 6,678 females. In addition, 
91,935 single treatments Avere given: 4,452 patients or 33 per cent had less than 
six treatments each, and 9 029 cases or 67 per cent received more than six treat- 
ments. There are probably more than 100,000 people in the Vonjama-Kolahun 
area Avhere this Avork AA'^as done. It should be noted, hoAvever, that the total 
number of people examined and the large number of cases found in 1941-1943 
does not give the true rate of incidence of the disease, because sick people come in 
from outside the area, some traveling 100 to 150 miles in order to get treatment. 
No other physician Avas available in Liberia for approximately 180 miles. The 
patients came from all tribes, but the Kissi Avere first in importance and the 
Gbandi second. 

The epidemiology of trypanosomiasis in this part of West Africa is associated 
Avith the habits and movements of the IQssi tribe of nath'-e people. The British 
in Sierra Leone and the French in French Guinea have found large numbers of 
their cases among the lifissi people. The problem of trypanosomiasis in these 
countries centers in the Kissi tribe. The IQssi people knoAv no international 
boundaries and move freely from one country to another to visit relatives and 
friends. The close association of the Kissi tribe Arith the Gbandi tribe probably 
accounts for the high incidence among the latter tribe, and the same is true of the 
small Mendi tribe. 

The next phase of the trypanosomiasis AAmrk in northwestern Liberia Avas the 
survey done under the auspices of the American Foundation for Tropical Medi- 
cine, Inc., by Dr. Joseph C. Bequaert and myself from December, 1943, to 
March, 1944. The results of this survey are covered in the remainder of the 
present report. 
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Dr.^ G. C. Campbell reported at the Tr 3 T)anosoniiasis Conference at Lagos, 
Nigeria, in July, 1943, that the infection rate for trypanosomiasis on the Harbel 
Firestone Plantation in Liberia was from 0.25 to 1.0 per cent. From June, 
1943, to November, 1943, 266 cases of the disease were diagnosed at the Harbel 
Plantation, according to Dr. James Doenges, who was at that time in charge of 
the medical work of the Plantation. 


General Summary Of The Work 


During the time I was employed by the American Foundation for Tropical 
Medicine, Inc. 32,617 persons were examined clinically. This figure includes 
patients seen on all the cursoiy survey trips and during the regular diagnosis 
work in IQssi country, about one-third the number of patients I saw during 
the previous period of work from 1941 imtil May, 1943. This population in- 
cludes all the tribes of the Western Province: ICpesi, Belle, Mendi, Buzzi, Man- 
age, Gbandi and Kissi. The facts about the different tribes \rill be considered 
later. The group was not selected in any way, but represents a random cross- 
section of iihe population for this part of Liberia. 

The group con-sidered includes 14,462 males and 18,155 females, or 3,693 more 
females than males, the ratio of males over females being 0.7965 on the per 
capita basis. This division of the population is accounted for in several ways. 
There are probably about as manj’’ males as females in Liberia as a whole; but 
the male population is greater on the coast and the female population greater 
in the interior. Many men go to the coast and engage in work on the plantations 
or in industry, returning home about once a year. There are many reasons why 
the women stay in the interior and do not go into the industrial areas. The best 
land for rice farming is in the interior and women do a large part of the farming. 
Women are an economic asset on the land and a liability to the family in the 
industrial areas. Because of the division of labor among nati^'e people more 
women than men are required to produce rice. This condition of more females 


in the interior is likely to continue because it is based on certain native customs. 
Recruiting of laborers for industiy continues all the time. 

Three laboratoiy procedures are commonly used in the diagnosis of trj'pa- 
nosomiasis. Gland puncture comes first in importance. The e.vamination of a 
preparation of blood known as the thick smear comes next. The third procedure 
is the examination of spinal fluid. I shall deal onb’- witli the first two methods 
in this part of the paper. 

During 1943-1944, 7,985 laboratory examinations were made, of which -,11/ 
were from material obtained by puncture of cercical glands and 5,SGG were on 

thick blood film preparations. _ 

Of the 2,117 examinations from material obtained by gland puncture l.io^ 
were of male and 965 of female patients. Tj^jTanosomes were found m .>01 oi 
these cases and 1,616 smears were negative. In G9 per cent of all ca.'^cs a di.ng- 
nosis was made by the gland puncture method. lo-io 

Of 5,966 e.xaminations of thick blood smears, 3, MS were of m.nles and -./ I. . 
females. Trypanosomes were seen in 21/ c.ascs, there 
blood slides. Thirty per cent of all cases were diagnosed in this nmnner. 
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In a population of 32,617 patients, seen during my term of ser\’ice, 718 cases of 
trypanosomiasis were found.^ The over-all rate for all patients examined and 
positive cases found is 2.20 per cent, which is not a high rate. It applies to a 
section where a survey was made after an intensive treatment program had 
been carried out, as well as to some areas where trj’-panosomiasis was not known 
to be prevalent. This over-all rate does show that trypanosomiasis is of public 
health importance in the Western Province of Liberia. 

Survey On The Incidence Of The Disease In The 
Western Province, LIBERE^ 

The survey began on December 20, 1943, at Dobli Island and continued until 
March 22, 1944. Its purpose was to determine as nearly as possible ,the in- 
fection rate of trypanosomiasis in the Western Province. Previously work had 
been done only in the extreme Northwestern comer of the Province. Cases 
had reported themselves for treatment from all over this large area, but little 
or nothing was kno^vn of the prevalence of the disease. The suiwey was nec- 
essary in order to obtain the facts needed for an estimate of the public health 
significance of trypanosomiasis in this area, and in order to correlate the finding 
of the disease in a population wth the findings of the entomologist. Dr. Be- 
quaert was making a study of the vector of the disease at the same time. 

The survey was done along the great trails which connect the interior with 
the coastal roads. If a disease localized in the interior begins to spread, it would 
first be noticed in the towns along these trails, where a large number of people 
travel each year. The area covered is important because of its close contact 
with the British and French Colonies. 

Due to the fact that the British Colony of Sierra Leone has developed roads 
and a railroad which extend nearly to the Liberian border, there is a great deal of 
travel from Liberia to Sierra Leone. The French in the Colony of French 
Guinea also have developed a road system along the Liberian border. Trading 
posts occur along this border and the natives travel across it for the purpose of 
trade. Another fact that makes for travel in this area is that one-third of the 
Kissi tribe live in Sierra Leone, one-third in French Guinea and the other third in 
Liberia. The natives visit relatives in all three countries. The French Govern- 
ment has actually engaged in trypanosomiasis work for 13 years. The Sierra 
Leone Government has had special medical officers for this work for 6 years. 
General health conditions are about the same in all three countries. 

The survey covered large areas of territory, with many types of country. 
Some of it is thickly populated, while other parts have very few inhabitants. 
It may be said in general that the population in Liberia is greatest in the coastal 
area and along the French border. Between these two areas there are stretches 
where very few people live, some of the country being covered by virgin forest. 
In general the area is rough, with many rocks and hiUs, and gradually rises in 
elevation from the Coast to the interior. Where there is a large population the 

1 This total does not include 78 cases which were treated at Bolahun, but which could 
not be located according to town. 
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forest has been cut many times for making rice farms, small trees and imder- 
growth being then the main types of vegetation. 

The general plan of the survey was to travel at first due north through the 
Western Province. This part of the journey began at Lakata in the Central 
Province and ended at Bolahun in the Western Province. Two short journeys 
were then outlined to make a survey of the Kissi and Gbandi tribes from this 
center. A longer journey was planned in the Buzzi section, taking us through 
Kolahun, Vonjama, Pandamai and Zorzor. At this point Dr. Bequaert returned 
to the Firestone Plantation at Harbel, while I returned to Bolahun through an 
area of Buzzi country not yet studied. In all, four weeks were taken to study 
conditions in the Buzzi countiy, work being done in 13 Buzzi towns. 

The entire survey covered nearly three and one half months and studies were 
made in 31 tovms, located in nearly all parts of the Western Province. 

The survey began on the 22nd of December, 1943, at Dobli Island, in the St. 
Paul River. The people of this town are of the tribe which I shall refer to as the 
Kpesi. There is much confusion about this name, as the tribe is variously 
called Kpesi, Kpelle, Kpeesi, Pessie and Pelle. 


TABLE I 

Survey of the Kpesi Tribe 


DATE 1 

TOWW 

KXJMBEK 
or HUTS 

POPUtAHOK 

POSITIVE 

CASES 

PEE CEKT 

12/22 to 3/43 

Dobli Island 

119 

232 

3 

1.29 

12/27 to 8/43 

Zowolata 

111 

449 

0 

1.67 

12/30 to 1/43 ' 

Kumbaeta 

105 

239 

4 


335 

720 

7 

0.9SG 


The first three terras in our survey were 
of Dobli Island, Zowolata and Kumbaeto. The ' y 

first plateau, begins about 60 miles inland from the sea 

of hffls near fte terra of Belleyella. It extends m rrodth f h 

the St. Paul River. The tribe is a large one, and has “ 
the people of the coast and very little commumaatron r, nth the tabes fa 
inland. The country is covered rvith small trees and lore bush. The 
been cut over mny times for the ° o( 

An examination of 720 persons rras ma ptoud is 0.9S per cent 

trj^panosomiasis being found. Tire infec ^ I one per 

(Table I). Since the rate he^r 

cent, tiypanosoimasis cannot be const ^ residents of tliis area turd 

ever, it must be pointed out that all tie ... trib-'S. 

were not strangers who had come in rom e i 

The next part of our sur^'ey was m the ^hc sea caastal 

the same anthropological groiip as tie to that of tlic 

region in the central part of Libena. Their langua,,c 
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Kru people. There are only 15 Belle to\\Tis, The Collector of Internal Revenue 
at Belleyella stated that tlie Belle tribe paid taxes on 1120 huts. There are 
probably 4,200 people in this tribe. The country is extremely hilly and has 
extensive forests. The towns are widely scattered. 

During my first term of ser\dco from 1941 to 1943, fifty-five Belle people were 
found positive for trj^panosomiasis. Most of these patients walked 70 miles 
or more to obtain treatment. In the present sur\'ey (December, 1943) work 
was done in three to^vns, Belleyella, Fasima and Guawarmarraa. In all, 653 
persons were examined and 18 positive cases found. The rate of* infection is 
2.75 per cent (Table II). 

The lowest rate of infection was at Belleyella, with 1.36 per cent. This to^\’n 
is a government station and an Army Post and docs not represent a cross-section 
of the Belle population because of the families of soldiers who live there. The 
highest rate of infection was at Guawarmarma, with 4.54 per cent. This town, 
the home of the Paramount Chief of the Belle tribe, is near the large Laowa 


TABLE II 

Survey of Ihe Belle Tribe 


DATE 

TOWN 

NUiTIiER 
OF nUTS 

POrUtATION 

POSITIVE 

CASES 

PER CENT 

1/2-3/44 

Belleyella 

86 

220 

3 


1/7-8/44 

Fasima 

lie 

279 

8 


1/10/44 

Guawarmarma 

88 

154 

7 


Totals 

290 

653 

18 

1 

1 2.75 


River. The people plant rice farms near the river. It was from this general 
area that the 55 cases came which were treated in 1942. With a general rate of 
2.75 per cent and with a probable population of more than 4,000, there are 
possibly 110 cases of trypanosomiasis in the Belle tribe. Since the Belle people 
do not form a very large part of the labor supply for the rubber plantations the 
loss of man power is not of very great importance economically. Nevertheless, ; 
trypanosomiasis is of public health significance in this tribe. 

The Gbandi tribe is located in the northwestern part of the Western Province, 
south of the Kissi tribe and north of the Belle tribe. It pays taxes on 5,862 huts, 
according to the Collector of Internal Revenue at Kolahun. The rate of in- 
fection is low in this tribe, as is to be expected for several reasons. Treatment 
was carried on from March 24, 1941, until May 20, 1943, during which time 
3,425 patients from this tribe were diagnosed and treated. This tribe thus had 
the benefit of two and a third years of education as to the value of treatment. 
The four to-wns used as a sample for the present survey (1944), were Loboba, 
Massambolahun, Bolahun and Nyandamolahun. Among 1,546 persons exa- 
mined, 22 positive cases were foimd. The rate of infection was 1.43 (Table III). 
Part of the positives of this group were relapsed cases. 
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It should be pointed out that the rates of infection in the Gbandi country- 
vary a great deal. The clans in the Gbandi tribe bordering on the Ejssi tribe 
have the gi-eatest number of cases of trypanosomiasis, while those farther from 
the IGssi tribe have the lower rates. The close association with the ICissi tribe 
is one of the factors in the spread of the disease. With an infection rate of 1.43 
per cent and with a probable population of more than 23,000 people, there may 
be 328 cases of trypanosomiasis in the Gbandi tribe. Try-panosomiasis is 
decidedly a public health problem in this tribe, and, unless control measures are 
put into effect, the disease will again become epidemic there. 

The ICissi tribe has long been associated with the spread of tr 3 'panosomiasis. 
Part of this tribe is located in Liberia, part in Sierra Leone, and part in French 
Guinea. In all three countries the rates for trypanosomiasis have been higher 
among them than among any of the adjoining tribes. 

When wmrk was started in Liberia in 1941 the rate of infection was very’^ high 
in the lussi tribe. One or two diagnoses and treatment centers were located 
in each of the five clans of the tribe, the entire population of which was examined 


TABLE III 

Survey of the Gbandi Tribe 


BATE 

TOWN 

mniBER 
OP HITTS 

POPULATION 

posmvx 

CASES 

PER CENT 

1/12/44 

Loboba 

mm 

342 

6 


1/23-24/44 

Massambolahun 


366 

5 


1/21-24/44 

Bolahun i 


244 

10 

BEB 

1/24/44 

Nyandamolahun 

■I 

594 

1 

0.01 

Totals 

522 

1,546 

22 

1.43 


betAveen June, 1941, and May, 1942. The rates for this section taken together 
were at that time 20 per cent of the population examined. In the second h.nlf 
of 1942 a second examination w^as made of all the Kissi tribe, the rate of in- 
fection found this time being 5 per cent. In tabulating all the results of the 
first term of service, it ivas found that 26 per cent of .all the Kissi population h.ad 
been diagnosed as having trypanosomiasis. All work was closed in May, 1953, 
and nothing further was done in this section until January, 1944. 

In the present survey (1944), 1,479 persons ivere examined in six of (ho larger 
towns of the IQssi tribe: Kondobengo, Fo 3 'ak.araar.'i, Sodu, Sardu Pa«cia, 
Bolelu, and Konosu. There Avere 37 cases of trA-panosomiasis found, many of 
them relapsed cases. The infection rate in this group is 2.5 per cent ( I able 11 ). 
From a check of 2,764 cases examined, who had been previou.^h' treated in l^ G" 
43, it AA*as found that approximately 4 per cent of the c:isc.< bail relap'Otl. I he 
problem in the Kissi section aa'US as much a problem of dealing vrith the relap.-ed 

cases as A\-ith ne\A- cases. ^ .... 

The problem of epidemiolog 3 ' of tr}'p.anosoraiasi.-? in this p:irt of .\jnc.A has 
long been associated AAitli the habits .and movements of the n.ativcs of the .vmsi 
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tribe. They know no international boundaries and move about freely from 
one country to another to visit relatives and friends. 

There are four factors which tend to make for an increase in trypanosomiasis 
in the Kssi section: (1) The Kissi people raise swamp rice and work in water 
and close to shade. Their farm kitchens arc near the swamp. Other tribes do 
not raise swamp rice. (2) ICissi people arc migratorj'’ in their habits. They 
make long tours every year visiting relatives and friends. (3) Tovms are small 
and there is not sufficient clearing around them. It is not difficult for the 
flies to travel from the water side to the towns, (4) The Kssi people keep 
hogs. Van Hoof and other workers believe the hog may be a reservoir host of 
T. gambiense closely associated with man. 

There are by actual count 5,420 huts in ICissi country. The population is 
probably more than 20,000, so that, with a rate of 2.5 per cent of infection, there 
are probably 500 cases of trypanosomiasis in the ICissi tribe. 


TABLE IV 

Survey of the Kissi Tribe 


DATE 

TOWK 

1 KITUDER 

or nuTS 

rOPDLATlON 

POSITIVE 
CASEB I 

PEE CEJfT 

1/28/44 

Kondobengo 

60 

272 

10 

3.67 

1/29/44 

Foyakamara 

96 

335 

8 

2.38 

1/30/44 

Sodu 

63 

178 

2 

1.12 

2/1/44 

Sardu Fascia 

90 

329 


2.43 

2/2/44 

Bolclu 

42 

165 


3.03 

2/8/44 

Konosu 

82 

1 

200 


2.50 

Totals 

433 

1,479 

37 

2.50 


It should be pointed out that the reduction of the rate of infection from 26 
per cent in 1941 to 2.5 per cent in 1944 is a step of considerable progress. 

The tribe of the greatest importance to us are the Buzzi, referred to as the 
Loma tribe in many publications. The French call it the Toma tribe in their 
writings. A large portion of this tribe live in French Guinea, where the center 
of the tribe is the town of Macenta, which is 8 hours trek from the Liberian to%vn 
of Vonjama. Vonjama is the headquarters for the Liberian District Com- 
missioner who rules the Buzzi, Gbandi and IGssi tribes. 

The area of the interior of Liberia occupied by the Buzzi tribe can be voughly 
bounded by a triangle. The three points of this triangle are the toNvns of Kola- 
hun, Vonjama and Zorzor. The actual area is a little larger than tliis triangle. 

The Buzzi are very important economically, as a considerable part of the 
labor force on the rubber plantations comes from this tribe. It also pays a 
large part of the taxes in the Western Province. The towns in this tribe are large 
and there is considerable distance between them. There are more large forests 
in this section than elsewhere. The land is better for agriculture. There is a 
good deal of travel from Liberia to the French trading posts and to the town of 
Macenta in French Guinea. 
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During our survey of 19-14, thirteen towiis were insited and the entire popula- 
tion examined. Since our tour look us to practically all sections of the Buzzi 
tribe, our findings should be fairly rci>resentative. Among 5,317 persons exam- 
ined clinically, 107 cases of tr 3 ’panosomiasis were found. The rate of in- 
fection in this group is 2.01, which is not a high rate (Table V). It should be 
noted that only two towns fall below the infection rate of one per cent. These 
arc Zorzor and M asala. At Zorzor a large number of cases were treated in 1942. 
At Vjisala verj' intensive work was done in January, 1943, and many cases 
treated. The town with the highest rate of infection was Lormai, with 8.09 
per cent. Next in order is the town of Vonjama, with an infection rate of 4.43 
per cent. Lazclcmai had a rate of 3.65 per cent. These three towns are lo- 


TABLE V 

Survey of the Loma (Buzzi) Tribe 


1 

P^TE 

TOWK 

NtJUBER 

OF HUTS 

POPULATION 

POSITIVE 

CASES 

PER CENT 

2/25/4-1 

Vasal a 

143 

* 317 

3 

0.94 

2/2G/44 

Vonjama 

350 

632 

28 

4.43 

2/^/44 

Lormai 

78 

219 

8 

3.65 

2/2S/44 

Lazclcmai 

73 

210 

17 

8.09 

0.69 

0.81 

1.70 

1.40 

1.86 

0.58 

1.31 

2.94 

2/29/44 

Pandamai 

256 

573 

4 

3/5/44 

Kazar 

88 

246 

2 

3/C/4-1 

Daugoroai 

142 

470 

8 

3/S/44 ' 

Zigida 

301 

493 

7 

3/9/44 

Bokesa 

501 

536 

10 

3/11/44 

Zorzor 

462 

855 

5 

3/12/44 

Zorzor School 


152 

2! 

10 

3/15/44 

Waumai 

244 

399 

3/17/44 

Sobelema 

124 

215 

3 

i .OO 


2,763 

5,317 

107 

2.01 


rated in the same area. There are many other towns “‘j'' 

rates are low. The only way I can account for Js ig ^ ^ Yaa- 

jama area is that Kssi laborers were used to buUd a 

lama in 1939 and 1940. At this time tOTanosomi^s S”! 

the Kissi people. They lived and worked in the Vonjama area for 

' t X\e pointed out that is 

Buzzi tribe. Since the towns are large and -wide y P 

a town disease in this area. _ „ ^ Revenue at Kolahun, 

According to a statement of ‘he CoUecto^f ^Sy tans that the popu- 
the Buzzi people pay taxes on 9,760 huts. rate of 2.01 per cent, 

lation of L tribe is 42,060, and that rvith an mfection rate 

there are approximately 841 cases of trypanoso 
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In conclusion the survey shows that trypanosomiasis is present over a wide 
area in the Western Province. The disease is patchy in distribution. The 
highest rate found was at Lazelemai, where it was 8.09 per cent. 

One town was found without a case of trypanosomiasis. 

Trypanosomiasis is a disease of public health importance in the Western 
Province. 

Review Op Trypanosomiasis Cases, Western Province, Liberia 

A careful history Was taken and a complete physical examination made of 
796 patients, all diagnosed between December 20, 1943, and November 1, 1944. 
All patients seen on the various survey trips, or in the intensive campaign in 
Kissi tribe, or at the treatment center, are included in this group. They came 
from many tribes and a very wide area of country. Among the 32,617 persons 
examined on this tour of service, 796 positive cases were found, 419 being males 
and 377 females. Whereas in the grand total of 32,617, there were 3,693 more 
females than males, among the positive cases of trypanosomiasis the males 
outnumbered the females by 42. Thus the ratio of males in the entire group 
examined is 0.7965 on the per capita basis, while in the case of patients ivith 
trypanosomiasis the ratio of males is 1.11 per capita of population. During my 
first term of service (1941 to 1943) there were also more males who had trypano- 
somiasis than females, since of 13,481 cases diagnosed at that time 6,843 were 
males and 6,678 females, giving a ratio of males over females of 1.02 on the per 
capita basis. It should be noted that during both terms of service there was a 
great preponderance of females over males in the total number of persons exam- 
ined. The conclusion seems warranted that in northwestern Liberia tryp- 
anosomiasis is a disease slightly more prevalent among males than among 
females. 

There are several reasons why trypanosomiasis is more common among males 
than among females. The men are exposed to the bite of the tsetse-flies during 
the time they spend as laborers in carrying loads long distances, as they cross 
many rivers and s^vamp land. During the time the men work on roads they 
are exposed to the bite of flies, while others are bitten when they operate rafts or 
canoes at the river crossings. Men and women are about equally exposed in 
the rice farms. Some men spend a great deal of time hunting, and naturally 
this work takes them along rivers where the flies are abundant. While he is 
fishing the native is exposed more than anyone else. The rivers are nearly, all 
shaded and this provides a very attractive place for the tsetse-fly. It is likely 
that men have trypanosomiasis somewhat more frequently than women because 
the nature of their work exposes them more to the bite of the fly. 

The number of relapse cases occurring in this group is large. Of the 796 
cases diagnosed there were 113 relapsed cases and 683 new cases. The per cent 
of relapsed cases is 14.0 to 86.0 per cent new cases. 

Between March, 1941, and May, 1943, 7,335 patients had completed eight 
or more treatments for tiy^panosomiasis, and 9,026 had received six or more 
treatments. The number of treated cases in the ICissi and Gbandi tribes was 
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high in proportion to the population. From an examination of 2,764 patients 
wlio had received treatment from March, 1941, to May, 1943, 3.10 per cent of 
the cases had n'Iai)scd. Of tiic several factors that tend to give a high relapse 
rate, in.'^uflicient treatment is one of the most common. A spinal puncture 
.should be performed and the result recorded before adequate doses of the drug 
can be prescribed. In doing a mass treatment in the course of a campaign 
to reduce the infection rate over an area, it is difficult to do a spinal puncture 
on cverv- case. a result many cases ivith great changes in the spinal fluid 
are so far advanced that the treatment given is not sufficient to bring about a 
cure. In ma,«s treatment the dose is standardized and often personal attention 
as to do.sagc cannot be given to individual cases. Irregularity in taking treat- 
ment also causes the drag to be ineffective. Arsenic resistant tiypanosomes 
are often thought to be a cause of a high relapse rate, but I have not foimd such 
strains in Liberia. A Ion* standard of living and particularly famine or in- 
sufficient food during the period of taking treatment or shortly aftervard tend 
to break the patient’s resistance to trj’'panosomiasis and may also produce a re- 
lapse. Other debilitating diseases, such as amoebic dysentery and schistoso- 
miasis, ma.v iveaken the patient and cause relapse. 

Four methods of diagnosis iverc used — gland puncture, thick blood film, 
clinical diagnosis and spinal puncture. Of the 796 positive cases, 541 were 
diagnosed by gland puncture, 199 by thick blood film, 35 by clinical examination 
and 21 by spinal puncture. 

Man}'’ of the clinical cases were confirmed by laboratory findings. Some of 
the patients were insane, which increases the difficulty of doing laboratoiy work. 
Some were too weak to liave a spinal puncture done after a long hammock trip. 

Sixty-se^’en per cent of the cases were diagnosed by examination of the ma- 
terial aspirated from the cervical lymph gland, which is the most practical 
method for examining large numbers of patients. It is the method of choice 
when using inexperienced microscopists, the mobility of the tiypanosome making 
the diagnosis relatively easy. One-fourth of the cases were diagnosed by exami- 
nation of thick blood slides, a method which has advantages in that a long 
time can be taken in examining the slide and the slide can be kept for record. 
Another advantage is that different staining methods may be used. This method 
is also preferred by the patient because it is less painful. 

Since trypanosomiasis is a veiy common disease in this area, any patient 
shevring changes in the spinal fluid, such as increase in spinal fluid cell count and 
increased spinal fluid protein, may be given a tentative diagnosis of trypano- 
somiasis and 2.78 per cent of the cases were diagnosed by this method. In some 
of them trypanosomes were found in the spinal fluid, while in others trypanosomes 
were later seen in the thick blood film preparation. A spinal fluid cell count eff 
8 cells per c.mm. was considered normal. Any increase above this figure could 

be presumed to be due to tiypanosomiasis. 

Trypanosomiasis was more prevalent in the 20-29-year and 30--39-year age 
groups. The peak of the curve for the incidence of trypanosonuasis in 1943-194 
is in the 20-29-year age group; but in the group of patients diagnosed between 
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March, 1941, and May, 1943, the peak of the curve was in the 30-39-year age 
group. These are the two decades during which tr 3 T}a,nosomiasis most affects 
the population, and it may be considered a disease of young adults. It is not a 
serious dkease for the very young or very old. It affects the female population 
most during the child-bearing period and the male population miost during the 
years when the earning capacity is greatest. It is also to be noted that these are 
the years when there is the greatest amount of exposure to the bites of tsetse- 
flies. It can be said that the distribution of cases is not what would be expected 
from a normal population curve. In most populations one would expect to 
have more cases in the group from 0-9 than in any other age group. There is a 
rise then in the curve from age 10 to age 39. The normal peak of the curve 
should be at the 0-9-year age group, whereas the peak of the trypanosomiasis 
curve is at the 20-29-year age group. 


Distribution of Cases by Age Groups 


YEARS 

i 

CASES 

0-9 

27 

10-19 

170 

20-29 

207 

30-39 

206 

40-49 

148 

50-59 

29 

60-69 

8 

70-79 ! 

1 


Two factors that may affect the curve are (1) a high birth rate thirty years 
ago, and (2) a recent decrease in the infant and child mortality. The population 
of this section of the country was probably greater at one time than it is now. 
The evidence for this belief is that there are many old to'wn sites not occupied 
now. There is no evidence, however, that the birth rate was any higher thirty 
years ago than now. Regarding the second factor, there is no reason why 
infant mortality should have decreased, nor is there aPy evidence that it has. 
Living conditions in regard to sanitation and diet have not changed as far as 
can be ascertained. 

Migration might affect the population curve, but there has been no general 
migration for the last fifty years. Another factor which might affect the curve 
from forty years onward is that from 1938 until 1940 the rice crops were very 
poor. The condition cannot be described as a famine, but the people were 
short of food and many deaths occurred in these years, possibly from trypa- 
nosomiasis, malaria or pneumonia. It may be said that the death rates were 
especially high during these years, which may account for the sudden drop in 
age distribution curve after the age of 40. 

The high incidence of trypanosomiasis in the age group 20-39 is probably 
due to the fact that this group is more exposed to infection than the others. 

A total of 516 cases of trj'panosomiasis were diagnosed in ICissi country from 
January to November, 1944. An intensive effort was made from May until 
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September to examine all of the Kissi tribe and 401 cases were found during 
this period. Tlic other cases were found on the two survey trips done in Kissi 
tribe or were cases that reported voluntarily for treatment. 

The work in the Kissi tribe was carried on during the farming season, when 
it is very difficult to examine all the people because many sleep in their small 
farm kitchens and do not come into the tonms at night. There were 18,950 
persons examined during this diagnosis campaign and since 4,512 huts were 
counted, this gives 3.4G persons per hut. The Grigri and Poro Bush Schools 
were in .‘session at that time and a considerable number of young people were 
kept there, so that few, if any, of this group of young people were diagnosed. 
Among the 18,950 persons examined from May to September in liissi country, 
401 positii'o cases were found, the rate of infection obtained from these figures 
being 2.56 per cent. 

During the suri’ey in the Buzzi tribe 107 cases were diagnosed and 14 more 
cases from this tribe came to the central diagnosis station for examination later, 
making a total of 121 cases. The survmy in Buzzi country covered 13 of the 
larger towns, and the rate of infection found was 2.01 per cent. Many of the 


Dislribulion of Cases According to Tribes 


CAST-S 

TRIBE 

516 

ICissi 

121 

Buzzi 

92 

Gbandi 

24 

Belle 

24 

Mandingo 

S 

Kpese 

S 

Mendi 

2 

Gio 

1 

Gola 


patients of this tribe did not come in for treatment later, as they lived 40 to 70 
miles from the treatment center. These people had had little education as to 
the value of treatment and medical work was not as popular there as in other 
tribes. During the first term of service treatment centers were located at 
Zorzor and Vassala, and it was here that the rate of infection was low. The 
Buzzi are a very large tribe and important economically to Liberia. Dining 
the year’s work from December 20, 1943, until November 1, 1944, there has not 
been enough treatment to lessen the rates of infection to any great extent. 
The same rates probably prevail today as were found in Februaiy and March, 
1944. 

The Gbandi tribe has been important in tr>>'panosomiasis work on account of 
its close proximity to the ICissi tribe. Much effort has been made to reduce the 
rate of infection in this tribe. A survey done in January and Februaiy, 1944, 
showed the incidence of trypanosomiasis to be 1.43 per cent. A systematic 
diagnosis was carried out in three of the Gbandi clans and 92 cases were foun an 
treated. A survey made after the close of this work in September, 1944, showed 
that the rate of infection had been reduced to 0.45 per cent. 
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There were 24 cases of trypanosomiasis diagnosed in the Belle tribe. Many of 
these patients walked 50 to 75 miles for treatment. The rate of infection in this 
tribe was 2.75 per cent in January, 1944, the highest rate of any tribe examined 
in Liberia. While the tribe is small, it is important because of its close asso- 
ciation with the Buzzi tribe. There has not been sufficient treatment to change 
the incidence of the disease. 

The Mandingo tribe is a small tribe made up of traders who keep shops in 
native tovms. They are great travelers, visit the coast to\vns and make long 
tours in Sierra Leone and French Guinea. It is difficult to get rates of infection 
among them, because there is no way to know how large the Mandingo population 
of the Western Province really is, but the rate seems to be relatively high. 
This tribe has probably had a great deal to do vuth the spread of the disease 
and has no doubt introduced it into new areas. 

The Kpese tribe is a large tribe. Among them 720 persons were examined, 
with a rate of infection of 0.986 per cent. This is a coastal tribe and has little 
contact with interior tribes. 

There is only one Mendi tribe in Liberia. This tribe was not visited during 
the present term of service. There were 8 cases that came in voluntarily for 
treatment. No facts are known about the rate of infection in this tribe at the 
present time. 


Grouping of Patients According to Estimated Stage of Disease 


Early stage 122 

Cases with enlargement of lymphatic glands 620 

Cases with involvement of central nervous system 48 

Terminal stage 6 


per cent 

15.0 

77.0 
5.0 
0.8 


The table sho^ving the patients classified according to the estimated stage 
of the disease is interesting particularly as it shows that many of them are in an 
early stage. The classification is based entirely on a clinical estimate as to how 
far the disease has progressed. Most of the patients, 620, or 77 per cent, fell 
in the group with enlargement of the lymphatic glands, most of the diagnoses 
being made by aspiration of the material from the cervical lymph glands. This 
stage is marked either by a general glandular enlargement or by an enlargement 
of only the cervical group of glands. Trypanosomes are more easily found in 
relatively small glands. When the glands reach an enormous size and have a 
very soft center it is difficult to find trypanosomes. Occasionally a gland will 
be punctured when enlargement is due to tuberculosis. Tuberculosis does 
occur in these native tribes and the type is so severe that the patient does not 
usually live more than 90 days after the disease can be diagnosed. I have found 
2 cases where I could demonstrate acid-fast organisms in the cervical lymph 
'glands. In trypanosomiasis the stage characterized by enlargement of the 
glands lasts many months. The lymphatic response comes early and lasts 
until the nervous symptoms are far advanced. 

The “early stage of disease” is difficult to define, but it can be said that all 
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early cjises fall in this group. Nearly all these are difficult to diagnose because 
of the few trypanosomes in the peripheral blood stream and in the material 
aspirated from the gland.'^. The glands arc not markedly enlarged at this stage, 
u.'^ually about the sir.c of a pea. There Avere 122 cases, or 15 per cent of all cases, 
in this group. Many of these patients are without symptoms, do not appear 
to be ill, and c,arry on their work as usual. A few complain of headache of a 
few month.s’ duration. 

In -IS ca.'^es, or G per cent, there was distinct involvement of the central nenmus 
system. Some were ins^inc or had difficultj'' in walking. The spinal fluid find- 
ings in these c.ases showed an increase in number of cells from approximately 
250 cells uiiward and a spinal fluid protein of 67 centigrams per liter and upward. 
A large number of this group arc relapse cases, while many others give a history 
of two or three yenrs' illness. The prognosis of this group is alwa3’'s very bad, 
not onlv on account of the spinal fluid findings, but also because of the very 

poor nutritional state of the patients. 

There were 6 terminal cases of ti^-panosomiasis, or 1.0 per cent of the group, 
nearlv all showing ad\'anccd somnolence or insanity. In these, the spinal 
fluid protein is always high; all arc poorly nourished and some develop bed sores. 
A large number of these cases die when they reach the sleepy stage. Ihe prog- 
nosis for the insane patients is a little better than for the very sleepy ones. 


Symploins of Pain 


s^imous 

CASTS 


C62 


420 


379 


433 


PER CENT 


83.0 

62.0 

47.0 

54.0 


Pain has long been Imen-n as one of the symptoms o tiypanos—. 
the elinieal signs are more noticeable on esammation. the 
overlook some of the symptoms rvhich ought be of assista g ® ^ 

disease. To-panosomiasis has been a disease 
natives and language difficulties have often prevented 
histories of the patient’s symptoms. Pam is usually the 

anosomiasis and is by far the most constant, t they had head- 

dkease. In a series of 790 cases, 662, or 83 per cent, ““‘’d , 

ache for one year or more before the 'ii^enosai rvas mafe ^ 
different type from that expenenced from jg joegted in the 

descriptions of the ty'pe of headache vary a^ , jg present at 

top of';he head. It is a dull >.o‘ or 


top of the head. It is a dull t3T)e of pain an , Taking of food or hot or 

aU times of the day or night when t le common for native patients to 

cold baths has no effect on the pam. alleviate the pain, 

tie a cord tightly around the head m an a e ^ trypanosomiasis and 

,Painintheioffi.slsthen.xtm^^^^^^^ This 

ry^rZm nL'rf much'ie In diffe‘’rential diagnosis because a large percentage 
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of patients suffering from yaws have pain in their joints. However, mth this 
particular series of patients few had any clinical symptoms of yaws. The pains 
vary a great deal, some complaining of pain in their elbows and some of pains 
in their knees, or other joints. 

Backache is a common symptom of trypanosomiasis' and was present in 420 
cases, or 52 per cent. This pain is usually in the lumbar region and the patients 
complain that the pain is constant and never quite disappears and that any- 
exertion makes it worse. Backache is most often associated with headache and 
as the disease progresses this symptom usually becomes more marked. In 
the last stages of the disease the patients complain of excruciating backache. 

Abdominal pain is a less common type noted in trypanosomiasis. In this 
series of cases, 379 patients, or 47 per cent, complained of abdominal pain. 
No specific area can be pointed out as a location of the pain and it varies greatly 
^vith different patients. Due to the prevalence of dysentery, some of these 
patients may have had pain from abdominal lesions not associated vdth trypa- 
nosomiasis. However, it may be said that since so many patients mth try’’pa- 
nosomiasis complain of this symptom, it should be associated nnth the disease. 

Many patients complain of two or more types of pain, particularly at the 
same time of headache, pain in the joints, and also in the abdomen. 


Duration of Illness from Onset of First Symptom 


LENGTH OF TIHE 

CASES 

FEE CENT 

months 



0-5 

82 

10.3 

6-11 

47 

5.7 

Total for less than 1 year 

j 129 

16.0 

12-17 

397 

49.8 

lS-23 

3 

[ 0.4 

Total for 1-2 years 

400 

i 

50.2 

24 

19G 

24.6 

No history of pain 

71 

9.2 


The question listed on the history card is “Duration of illness from the first 
sjmptom”. The first s 3 Tuptom always referred to pain, which was classified 
under one of the four headings shown in the table “symptoms of pain.” The 
duration of illness from the first s 3 Tnptom referred to whichever one of the types 
of pain was first noted by the patient. Usuallj' headache came first, but this 
was not alwaj's true as sometimes backache occurred wthout headache. 

In 129 cases, or IG per cent, pain was noticed for less than a year, and most 
of these had s\Tnptoms for less than 6 months. A large part of the cases diag- 
nosed were in an area where there had been treatment for a period of 3 J j-'cars. 
Most of these cases were early and the laboratory findings made this clear, as 






















TltYI’ANOSOMIASIS IN LIBERIA 


27 


Ihc ppinnl fluid cell counts were low. In these carlj' cases headache was the 
most common type of pain. Tiie onset, of ttypanosomiasis is so gradual that it is 
difTicult for the patient to give exact dates, but pain is usually the first symptom 
noticed by the patient in the early stages of the disease. 

The large^st group was -100 cases, or 50.2 per cent, who gave a liistory of pain 
for 12 to 23 months before they were diagnosed. More patients set the date for 
the onset of their pain as one year ago and gave headache as their first symptom. 
From clinical observation I should judge that 'the incubation period of the 
disease is about IS months. The greater part of this group were diagnosed by 
gland puncture. At this stage the trj'panosomes can usually be found active in 
the material obtained by puncture of the cervical glands. This group of cases 
can still be considered as “early” and most of them can be successfully treated. 

There were 19G cases, or 24.G per cent, giving a history of 24 or more months. 
Most of our insane patients belonged to this group. Some of them can be 
diagnosed by blood slide or gland puncture, but most of them are diagnosed by 
spin.al puncture. Some of this group were diagnosed clinically and later con- 
firmed by laboratory findings. Some develop an ata:dc gait similar to that seen 
in syphilis of the cord. The spinal fluid cell count is high in these cases and there 

is also an incre.nsc in the spinal fluid protein. 

Xo historj' of pain was given by 71 patients, or 9.2 per cent. This group com- 
prised 04 insane patients, from whom it was impossible to get any l^^story, al- 
though some sjTnptoms other than pain, such as sleepiness, could be had trom 
relatives. However, there are a few patients who seem to have no pam a a 
and in these cases the somnolence usually begins early. , xr j 

Pain is present in 16 per cent of the cases in the first year of the disease, /lead- 
ache of long duration in a person in an endemic region of trypanosc^asis is 
strongly suggestive of this disease. The patients describe the type of headache 
in tOTanosomiasis ns of an entirely different kind from that of malana or other 

diseases. 


Comparison of Sane and Insane 


CASES 

PER CENT 


733 

92.0 


63 

8.0 


Insane cases are often encountered in the diagnosis of 
peoially if the cases are of long standmg. In general the prognosis 
the insane cases than it is in the advanced sleepy ca^s. 

Many of the deaths occurring among the i, 

caused by starvation. The type of psychosis present vanes a gr«t 
usually depression. Few of these cases are excited and have ““ “ 
store and flow of ideas. I have never seen a vKflently aso”.® 
patients describe seeing lights and fires in the woo s an thus 

It is common for this type of patient to run away “d sleep m te ^ ^ 
contracting pneumonia or other respiratory diseases, an m 



28 


EVEnETT P. VEATCn 


Others are in bad physical condition because they refuse to cat, starvation being 
common in this group of patients. Extreme depression is the most outstanding 
mental reaction in trypanosomiasis cases. 


Somnolence 



1 

CASES 

Tzn CEST 


528 

60,0 

n.pat.lossnf'as at night 

2C3 

33.0 

wiili Hiflloiilt.V 

85 

10.0 

No sj’mptoms of drowsiness 

218 

27.0 



The common name “sleeping sickness” is derived from the tendency of trypa- 
nosomiasis patients to be drowsy especially in the daytime. This symptom 
has assumed a place all out of proportion to its importance in the disease, as it 
is present only in the more advanced cases. A large proportion of the early 
cases do not have this symptom at all. 

In the series under discussion, 528 cases, or G6 per cent, had some drowsiness 
in the daytime. This does not mean that they spent most of their time sleeping, 
as most of this group still carried on their w'ork normally. They complained, 
however, that when they sat dovm to rest in the daytime they immediately 
went to sleep. The onset of drowsiness is very gradual and patients usually 
do not notice this symptom as much as the relatives do. Restlessness at night 
was reported by 263, or 33 per cent of the cases, usually associated vdth pruritis 
of the sldn on the chest. Some of the restless cases are sleepy in the daytime 
and others are not. Restlessness at night usually comes in the first year of the 
disease and as the disease progresses disappears altogether. The cases that 
have advanced somnolence are not restless at night. 

The group of cases grouped under the heading “aroused vith difiBculty” are 
the far advanced patients who spend most of their time sleeping. The prognosis 
of this group is bad and about one-half of them die. There were 85 cases, or 10 
per cent, in the group who had reached this stage. 


Duration of Drowsiness in the Daytime 



CASES 

PER CENT 

Prom 0-5 months 

113 

14.0 


T^rnm fi— 1 1 months 

71 

j 8.0 




Under 1 year, 0-11 months 

i 184 

23.0 


months. ......... 

305 

38.0 


■R'rnm 1R-2a months 

2 

0.2 







307 

i 

38.2 



1 

87 



No drowsiness at all 

218 

27.0 
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The symptom of drowsiness is not an early one in trypanosomiasis, and only 
184 cases, or 23 per cent, noticed the symptom under one year. There were 
307 cases who stated that they had been sleepy for over one year. There is a 
distinct correlation between the cases of headache and somnolence and the two 
cur\^es run parallel. The beginning of lethargy corresponds very closely to the 


time when the spinal fluid count increases to 250 or more cells per cubic mm. of 
spinal fluid. At this point also the spinal fluid protein increases to 0.4 centigrams 
per liter of spinal fluid. The stage of sleepiness in the daytime, with or without 
restlessness at night, lasts about twm years in an untreated patient before he 
enters the extreme lethargic state. As the patient’s apathy increases, he becomes 
increasingly careless about his food and drink with the result that he usually 
contracts dysenter}'’. Since the patients at this stage are less sensitive to cold 
due to their mental dullness, they sleep in damp, unsuitable places and may 
develop pneumonia. Intestinal disorders and respiratory diseases account for 
many of the deaths wiien the lethargy is advanced. 

The long duration of this soporous stage gives evidence that the disease is of a 
chronic type and probably explains how a treatment campaign w^ould reduce 
the incidence of the disease. It should be noted that 218 patients, or 27 per cent, 
show'ed no sign of drowsiness at any time during the course of the disease and 
that the group represents a collection of moderately advanced cases. 

Five hundred and forty-eight patients, or 68 per cent, gave a history of fever 
in the last two weeks. Many patients had a normal temperature w^hen the 
physical examination w'as made, but gave a history of fever nearly every evenmg. 
Irregularity is one of the characteristics of the temperature curve in rypanm 
somiasis. Often there is a rise in fever after the first or secon trea men ^ 
given. Antrypol causes an increase in the patient s fever ar more o en la 
trypamamide. Since most patients continue wdth their normal work for months 
after ti^-panosomes can be found in the cervical Ijrop g an s, e . 

in most cases must not be high. This shows again that, m the region mvesti- 


gated, the disease is of the chronic tjTie. 




Prognosis 




CASES 

PEE CENT 


103 

13.0 



512 

D4.U 



181 




In noting the prognosis of each P account age and nutrition 

aot only by laboratory findmgs, but also treatment. The ver>' 

and several other factors that go to ma ]Many writem have 


md several other factors that go to maKc hlanv writers have 

™„g and ve.y old do not respond "'f and anky- 

pomted out that other ’ Pregnancy makes prognosis more 

ostomiasis, make the prognosis much • according 

?rave in trypanosomiasis and causes abo rpsniratorv di^^ea.^e is always 

^0 Kellersberger (1933). The presence of any respiratorj 
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Berious and smallpox has been encountered in both terms of service as existing in 
epidemic .forn\ in the area where the work was done. The nutrition of the 
patient is also very important in this disease. The group rated “good” was 
made up largely of well-nourished males with no other disease present. It 
consisted of 103 cases, or 13 per cent. 

The largest group were rated “fair”, with 512 cases or G4 per cent. There was 
at least one unfavorable factor in each of these cases. 

The group rated “poor” comprised 181 cases or 22 per cent. Two or more 
adverse factors made this group a bad risk. 


Glandular Enlargement 



CAST'S 

JXTt CEKT 

Cer^^cal 



Size of a pea 

12S 

10.0 

Size of a marble 

45S 

57.0 

Size of a pigeon egg 

207 

26.0 

No enlargement 

3 

0.3 

Epitrochlear 



Size of a pea 

334 

42.0 

Size of a marble 

170 

21.0 

Size of a pigeon egg 

IS 

2.0 

No enlargement 

274 

34.0 

Inguinal 



Size of a pea 

114 

14.0 

Size of a marble 

329 

41.0 

Size of a pigeon egg 

161 

20.0 

No enlargement 

192 

24.0 


Enlargement of the cervical lymph glands has long been knonm to be a S 3 rmp- 
tom of trypanosomiasis and, in a series of 796 cases, 793, or 99.7 per cent, showed 
enlargment of the cervical lymph glands. In more than one-half of these the 
glands were the size of a marble, and in 26 per cent of the cases they were as 
large as a pigeon’s egg. There were only 0.3 per cent of the cases which showed 
no enlargement at all. Glands the size of a marble were the most common type 
found in the cervical group. 

The epitrochlear glands usually show some enlargement in trypanosomiasis, 
and the most common size for these glands found was that of a pea. The epi- 
trochlear glands were seldom enlarged to a very great size, but showed some 
enlargement in 66 per cent of the cases. Occasionally, they are large enough to 
puncture. Cuts often occur on the hands of the patients, so that some of these 
swollen epitrochlear glands may be due to other infections and not to 
trypanosomiasis. 

In 604 cases, or 75 per cent, there was an enlargement of the inguinal lymph 
glands. There are many conditions that cause an enlargement of these glands, 
such as lesions of yaws on the feet, tropical ulcer, cuts and bruises. Another 
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cause for enlargoiupnl of Ihesc glands is S 3 'j)lulis. However, swelling of the 
inguinal glands is a very common sign in trj^ianosomiasis. 

Trj’panosominsis is a disease in which there is a general glandular enlargement 
involving nearly all of the lymphatics of the bod}'. Swelling is seldom localized 
in any one group of glands. The .symptoms of glandular enlargement come on 
early in the disease and remain until the terminal stage appears when the glands 
become smaller and soft, ^^^lon treatment is started and the trypanosomes 
disappear from the blood, the glands become firm and hard and resolution after 
the recoverv of the patient does not take place for from 4 to 6 months. The 
response of the glandular tissue is one of the first changes that take place when 
the body reacts to the invasion by trypanosomes. The resolution of lymphatic 
glandular tissue is one of the last signs of tr}’panosomiasis to disappear when 
the patient is fully recovered. 


Splenic Enlargement 



CAStS 

PER CENT 


239 

30.0 


I*nvpl nf iimhtlirtiQ 

15 

2.0 



1 

0.1 



541 

66.0 



Splenic enlargement was found in 30 per cent of the cases of trypanosoimasis. 
It Ls well known that both malaria and schistosomiasis are prevalent m this 
section of .‘Vfrica and that enlargement of the spleen is common in these diseases. 
An enlargement of the spleen occurs most frequently in chUdren from 1 yeare 
of age. In the present series of cases there Avere only 27 cases, or 3 per cent, 
in the age group from 0-9 years. The age group v'hich contains the greatest 
number of patients is from 20-39 years, and normally adults do not have en- 
larged spleens in this section. The splenic enlargement in trypanosomiasis 

ordinarhy is one that is just palpable. , 1 1 ^ 

There were 239 cases, or 30 per cent, in which the spleen was palpable and 

only in about 2.1 per cent of the cases was tlie spleen greatly ' 

Alter treatment has begun, the enlargement of the spleen due ‘oJ^OTanoso 
miasis quickly disappears and the response of the spleen to the mvasion of tiyp 
nosomes seems to nm parallel to that of tire Ijunphatic sys m. 

Nutrition is veo' important because this one factor ^ J “ 

patient’s recovery, being often the determmmg faetor. Stovmg Patrente^ 
little improvemeni, no matter how much of the *bey 
gives an'^indc.v as to how far the case has “r^iTthe 

Starvation are seen in cases involvmg the central neivous } , 

patient refuses to swallow his food. ^ pa ienl bejnfto lose 

miasis and one of the first s}miptoms noticed is 

weight and acquires a peculiar gray line on _ ® for nutrition. 

Since 459 cases, or 57 per cent, ivere m g P confusing factor 

this suggests that most of the patients were early cases. One conlusing 
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in diagnosing malnutrition in trypanosomiasis is the fact that early eases often 
show puflincss of the face. This is not a true oedema and will not pit on pressure. 
This symptom comes early, is a part of the syndrome of dullness, apathy and 
Ictharg}’-, and does not disappear until just before death. Since the entire 
population of the area where the survey Avas made consumes very little protein, 
it is difficult to determine what the normal .standard of diet is. Rice, greens and 
palm oil make up the principal food of the people. The tribes are pure negi-oid. 
The normal color of their skin is black with an oily appearance, and Avhen they 
are ill this changes to an ash or graj"^. Malaria, anemia and syphilis and many 
other diseases will produce a change in color and appearance. Among the tiypa- 
nosomiasis eases, 291, or 39 per cent, showed this gray color. There is a close 
correlation between this group of patients with gray color and those who arc 
poorly nourished. 


Various Synrptoms 



Cases tee cent 

Nutrition 

Good 

lOS 

459 

229 

13.0 

57.0 

28.0 

Fair 

Poor 


Color of Skin 

Good j 

505 

I 291 

1 Gl.O 

39.0 

Gray j 


Pinching 

Firm 

•177 

319 

59.0 

41.0 

Flabby 



Most texts of tropical medicine describe skin lesions occurring in tiypanoso- 
imasis cases. In the present group of 796 cases, there were no skin lesions ' 
characteristic of the disease. There Avere some marks on the skin caused by 
scratches on the chest due to the severe pruritis that occurs dm-ing the first year 
of the ffisease. A fungus infection occurring on the chest Avas noticed in many 
cases, but no skin lesion was present, so far as could be made out, Avhich Avas 
typical of trypanosomiasis. The changes in the appearance of the sldn de- 
senbed by Rellersberger were noted. This loss of healthy appearance of the 
skin and extreme dryness AA'ith pruritis AA'ere commonly seen. 

The next sign noted Avas the condition of the nutrition of the patient elicited 
by pinching, notmg the condition of muscular tone. There was a flabbiness, 
found in 319 cases or 41 per cent. Early in trypanosomiasis this loss of muscular 
tone is seen and accounts for the shuffling gait and apathy in all the movements 
of the patient. The flabbiness of the muscles of the patient is nearly ahvays 
associated with a gray skin color and very poor nutrition. The reflexes of this 
group are not always the same, some being absent and some exaggerated. 
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Other Diseases Present in Trypanosomiasis Cases 


DISEASE 

CASES 

PER CENT 

Yeaa's 

147 

18.0 

Mal.aria 

174 

21.0 

Tropic.al ulcer 

11 

1.0 

Dvsenterv 

6 

0.7 

Leprosv 

2 

0.2 

Other skin diseases 

70 

S.O 

Elephantiasis 

4 

0.5 

No other disease present 

536 

1 

67.0 


Yaws is a disease very common in all parts of Liberia. The crowding of many 
natives in one house is one of the factors which helps spread the disease and the 
greater the house population the greater the incidence of yaws. This fact has 
been brought out in investigation in Sierra Leone. Among the present group of 
trj'panosomiasis, 147, or IS per cent, had j'^aws. However, it cannot be con- 
sidered a serious complication. Treatment Avith tryparsamide will cure most 
cases of yaws. There is no contraindication to giAung bismuth preparation for 
3’aAA's at the same time the patient is receiving tryparsamide treatment for trypa- 
nosomiasis. Most of the cases of yaAA’s are of the latent and non-infectious t3T3e. 

hlalaria vA’as present in 174 cases, or 21 per cent. It is usuallj^ not a serious 
complication and the cases clear up quicklj’" on quinine or atabrine treatment. 
All cases of malaria in this series AA’ere diagnosed bj’’ a thick blood film. A large 


number of cases AA'ere in the Amry ^mung or very old age groups. 

Tropical ulcer (tropical sloughing phagoedema) was present in 11 cases and is 
a serious complication of trjiianosomiasis. The reason for this is that the nutn- 
tion of such patients is alwaj'-s bad. The arsenic in the form of tr 3 Tjarsamide as a 
rule does not produce any beneficial effect. Natives have an idea that an ulcer 
case should not eat fish or meat and this lack of protein m the diet makes the 
condition much worse. As a result anemia is present m a large number of ulcer 

Amoebic d 3 'sentery was present in 6 cases and is a serious complication be- 
cause these patients are acutel 3 ’' ill. 

Leprosy yas present in 2 cases. These cases usually respond well to tot- 
ment and their leprosy seems to improve while they are on tr,T>arsam.de treat- 

“Elephantiasis was present in 4 cases only and the patients 

of the feet. It is faMy common to tod ^ during 

material aspirated from the ceiAucal bunp g found no swelling of 

the year. Lwever, in these cases where mcrofflanae 

any part of the body could be observed, and the rases " ji. 

Under the heading of other ^ in toportonce 

tions. The most common of these Scabies aaus also 

Was the group of fungus diseases of t » nj+pc nf all kinds were also 

present in a cLsiderable number of cases and insect bites of aU kmds 

seen. 
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Nervous Reactions in Trypanosomiasis 


— — - j 

CASES 

PER CENT 


370 

46;2 


23 

2.S 


46 

5.7 


278 

34.9 


264 

33.1 


1 

SO 

10.0 



There are many nervous manifestations of trypanosomiasis, some of which are 
present early in the disease, while others occur in the later stages. 

Romberg’s sign was noted in the greatest number of cases and was present in 
370, or 46 per cent. This reaction can be found in relatively early cases of the 
disease and is very marked in the late stages. It is usually present when there 
is any increase of the spinal fluid protein and also when there are more than 50 
cells per cubic millimeter of spinal fluid. It is true that this sign is also positive 
in syphilis of the central nervous system, but since there are so few cases of this 
tj'-pe of sypliilis in the native population, this is not a serious problem in differ- 
ential diagnosis. 

The Babinski reflex, the extension of the toes instead of flexion on stimulation 
of the sole of the foot, which indicates a lesion of the pyramidal tract, was found 
in 46 cases of trypanosomiasis, or only about 5.7 per cent of the whole group. 
It was present only in far advanced cases. 

Parkinson’s syndrome is a condition characterized by muscular rigidity, an 
immobile face, and tremor which tends to disappear on volitional movements. 
It was seen in 23 cases, or 2.8 per cent of the cases. These cases were of two 
types. Eighteen developed the tremor and associated nervous conditions after 
they reached the stage of advanced trypanosomiasis. The other 6 cases were 
patients who had had Parldnson’s syndi'ome over a period of years and developed 
trypanosomiasis late in life. If the syndrome is a result of far advanced trj’-pano- 
somiasis, the prognosis is very grave. This syndrome occurs in a small percen- 
tage of trypanosomiasis cases and is a result of tr 3 rpanosome invasion of the 
central nervous system. 

Kerendal’s sign, wliich is a hyperaesthesia of the skin noth slightly delayed 
sensation of pain, was seen in 80 cases, or 10.0 per cent of all patients. It is 
very difficult to get definite information on this subject because of language 
difficulties. The sign is useful in some cases, but the difficulties in obtaining a 
correct answer from native people on a question of relative amount of pain is very 
close to impossible. This sign has probably been given undue emphasis as a 
diagnostic help in trypanosomiasis. 

The second most common nervous symptom found was tremor cf the hands, 
vith 278 patients, or 34.9 per cent, having this symptom. The tremor appears 
early in the disease and becomes gradually worse as the spinal ffuid changes 
progress. Closelj’- associated with this is the tremor of the tongue which occurred 
in 264 cases, or 33.1 per cent. 
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The three outstanding ner\'ous signs seen early in trypanosomiasis and re- 
maining fairly constant are Romberg’s sign, tremor of the hands and tremor of 
the tongue. 


Patellar Reflexes 



CASES 

PER CENT 


94 

11.8 

Kvnrp'f'rnlofl ! 

559 

68.59 

Ah«?ont. 1 

143 

- 17.96 





The most common reaction in the moderately advanced cases vas an exag- 
gerated Imee jerk. In very early cases the Icnee jerk was normal and those hav- 
ing an absence of this reflex were nearlj' all far-advanced cases. 


Pupillari/ Reflexes 


* 

CASES 

PER CENT 


754 

95.97 

TTnoqiinl 

37 

4.6S 


32 

4.02 


A large per cent of the cases had pupils that reacted normally to light and 
distance. There were a very few far-advanced cases who had fixed and unequal 
pupils. 


PULSE 


50-59 
60-69 
70-79 
S0-S9 
90-100 
100-109 
110-119 
120-129 
over 130 
Unknown 


Pulse Rates 


CASES 


10 

108 

152 

180 

118 

190 

IS 

5 

0 

14 


Most cases ot trypanosomiasis do not have a Ingh pulse --“fe 
normal in many cases. The disease is of a chrome type 
Since very little fever is present, them is not much change “ « » 
in the dUease. The pulse does increase when the patient 

subsides when the temperature returns to norma ■ o„„uty of the pulse was 

was relatively low in relationtoaetemp^^^^^^ 

C" “rfZg «iuaUtage of the disease the pulse usually remains 
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detween 100 and 120 and the quality of the pulse is very poor. A saline and 
glucose solution given intravenously improves the pulse markedly, but is only of 
temporary value. The pulse is not of much aid to diagnosis as there is nothing 
particularly characteristic in its rate or quality. 


Temperature 



CASES 


164 


171 

98 7-99.8 

273 

100-101.8 

172 

102-103.8 

1 

105 

1 

Unknown 

14 



Irregularity of temperatme is one of the most characteristic things about 
trypanosomiasis. There are long periods when the patient’s temperature is 
normal, then he will run a fever of 102° or higher for a few days, after which his 
temperature retui-ns to normal. There were 171 cases, or 20 per cent, who had 
normal temperatures, when examined. In the greater number of patients the 
temperature was from 98.7° to 100°. The temperature tends to increase more 
than the pulse rate, but very little is characteristic about the temperature curve 
of trypgnosomiasis. Even in the terminal cases of the disease it does not go 
above 103° and some of the cases do not have more than 100° at the time of death. 


Spinal Fluid Protein 
(42S patients considered in this group) 


CEN-TIGRAMS PER LITER 

CASES 

0.22 

248 

0.40 

132 

0.50 

1 

O.SG 

11 

0.67 

18 

0.71 

3 

0.7S 

13 

0.85 

2 


A spinal puncture was done on 428 cases and the amount of protein determined 
hy the following method: 

Determination of the Amount of Protein in Spinal Fluid hy Means of the 
Sicard-Cantalouhe Tube 

1. Collect 4 cc. of spinal fluid in the Sicard-Cantaloube Tube. The mark on the tube 

is at 4 cc.; if too much fluid is collected in the tube, remove with pipette. 

2. Heat the tube above alcohol flame to SCH)0°C.; at that point bubbles begin to appear. 

3. Immediately after, drop in 12 drops of a 33i per cent solution of trichloracetic acid. 

4. Let the tube stand for 5 minutes. 

5. Reverse the tube (well stoppered with rubber) two or three times. 
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6. Let the tube remain supported in a strictly vertical position for 5 hours, the opii- 

mum lapse of time. 

7. This time having passed, read the highest mark on the graduated scale. 

Note: In normal spinal fluid the protein is 0.22 per cent. The unit in which the amount 
of protein is e.xpressed by the Sicard-Cantaloube method is that a normal fluid will give 0.22 
centigrams to the liter of spinal fluid. Anj' increase above this amount can be o.xprcs.'^cd 
directly in centigrams by reading from the tube. 


A total of 248 cases, or 5S per cent, showed a normal amount of spinal fluid 
protein, indicating that a large proportion of the cases seen tverc carlx- ca 5 c.=. It 
also shows that the protein response is later in appearing than the increase in the 
spinal fluid cell count. The relapsed cases nearly all .showed ti .spinal fluid 
protein reading of 0.40 centigrams per liter or more. The finding \vn.< more 
consistent than a imiformly high spinal fluid cell count. The c.nsas .showing 
advanced involvement of the central nervous system showed a .‘;pinal fluid 
protein reading of 0.56 centigrams per liter or higher. Practicalh- all the c.a.<es 
die when the spinal fluid protein reading is 0.S5 centigrams per liter. Two cases 
reached the point of 1.0 centigrams per liter, but botli died a few d;n>- hter. 
The cases having a reading of 0.67 centigrams per liter arc border line ca.'-cs 
and have about an equal chance for recover}' or death. A .‘spinal fluid jmotcin 
determination gives an indication of how far advanced the di-cca-'-’C i.s at the be- 
ginning of treatment. The spinal fluid protein remains liigh for .‘•orne time 
after the patient has improved clinicall}’; it should remain normal for 0 rnf)nths 
or more after the treatment before the p.aticnt can be considcrctl well. In .‘•nme 
respects the findings run parallel to the spinal fluid cell count finding-*, but t!»c 
determination of the amount of protein is worth doing in all cases fiir the au- 
ditional information it gives. An cxaminrition of a ca.so of trA'pano-omia' i‘- i.- 
not complete imlcss the spinal fluid protein has been determined. 


Spijial Fluid Cell Count 


(421 cases considered in tliis group) 


CELLS 

CA*'ri 

0-9 

2! 

10-20 

2*0 

.10-10 

' IIS 

50-60 


7O-S0 


00-100 


110-200 


300-100 

r 

400-400 


noa-o'xi ; 


IW or more [ 


— ■ 



There i.s .a wide nmge in .-pinal fluid ‘Z / 

in this .«cries of -121 ca<i"^. .Vll pat ii nt- "Uh , 

millimeter .showt-il no .-igns of the iwrco'.:- ...p.- - • 
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jority of the cases give a cell count of 10-49 cells pel* cubic millimeter. Another ' 
phenomenon in the study of spinal fluid changes in trypanosomiasis is that the 
cellular response comes first and increase in the spinal protein comes later. 
The moderately advanced cases show many variations, but the greatest number 
have 30-49 cells per cubic millimeter. There were only 82 cases who were 
above this mark and they are among the very late cases. IVlien treatment is 
begun the cell count usually stays at the same level for a time and then gradually 
decreases. In cases which are not treated the cell count goes up from 500 to 
1,000 cells and then seems to decrease or stay at that level. When this point is 
reached the spinal fluid protein continues to rise until death occurs. The spinal 
fluid cell count is of the utmost importance in classifying patients and pre- 
scribing proper treatment for them. The cell count during the treatment period 
is of great value as an indication of the progress of the patient. It is the most 
useful way of finding out whether the patient has recovered and is not likely to 
have a relapse. In an area where trypanosomiasis is endemic, a patient who has 
an increase in the spinal fluid cell count with an associated increased spinal fluid 
protein probably has trypanosomiasis, if other diseases such as syphilis can be 
ruled out. 


Spinal Fluid Protein 



0.22 

0,40 

0.50 

0.56 

0*67 

1 

1 

1 

0.71 

0.78 

0.85 

UNKNOWN 

TOTAL 

PERCENTAGE 
NORilAL 
TLUID PRO- 
TEIN COUNT 

PERCENTAGE 
PATHOLOGI- 
CAL PRO- 
TEIN COUNT 

0-9 

13 



2 

1 



■ 

■ 

21 

61 

39 

10-29 

142 




3 

2 

4 



200 

71 

29 

30^9 

65 

44 

1 

3 

3 


2 

■ 

■ 

118 

55 

45 

50-69 

12 

11 


1 




n 

D 

26 

46 

54 

70-89 

9 

9 


1 

3 




■1 

22 

40 

60 

90-109 

0 

3 



2 


1 



6 

0 

100 

110-299 

2 

7 


2 

6 

1 

3 



21 

9 

91 

300-399 




1 



1 



2 


100 

400-499 


1 


1 





■ 

2 


100 

500-599 



1 





1 





600- 




1 

1 



2 

1 

■ 

3 


100 

Total 

243 


1 

11 

17 

3 

13 

1 ^ 

■ 

421 




The table showing the relation of the spinal fluid cell count and the spinal 
fluid protein is interesting. A normal spinal fluid cell count is 9 cells or less per 
cubic millimeter of spinal fluid and any cell count above 9 cells is pathological. 

The reading of 0.22 centigrams per liter of protein in the spinal fluid is normal 
and all above this reading pathological. It has long been known that the 
characteristic spinal fluid changes in trypanosomiasis are an increase in the cell 
count and an increase of the protein. This table shows in general that patients 
whose cell counts were low also had a low spinal fluid protein and those noth 
high spinal fluid cell coimt also had a high spinal fluid protein. This tends to 
show that in the progress of the disease from a very early stage to a far advanced 
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one invohang the central nervous system there is an increase in both cell count 
and the amount of protein in the spinal fluid. 

The first changes observed in the spinal fluid in tr 3 ’-panosomiasis is an increase 
in the number of cells. Following this change by several months there is usually 
an increase in the spmal fluid protein. 

In the fn-st group of patients who had a cell count of 0-9 cells per cubic milli- 
meter, there were G1 per cent who had a normal spinal fluid protein (0.22 centi- 
grams per liter). Theoreticall}’’ this group should have been 100 per cent but 
there were 39 per cent who showed some pathology in the spinal fluid protein. 

As shown on the second line of the table in the group of cases having a cell 
count of from 10-29 cells, there were 142 patients or 71 per cent who showed an 
increase in the spinal fluid cell count but who had a normal spinal fluid protein. 
In comparison with this figure there were onl}' 29 who showed pathological spinal 
fluid protein. Nearly one-half the cases in the series fall into this group and it 
is significant because the sample is large. 

In the third line of the table, in the group of cases having from 30-49 cells 
per cubic millimeter in spinal fluid, there were 65 cases or 55 per cent Avho 
showed an increase in the cell count but a normal spinal fluid protein. In this 
same group, however, there were 45 per cent who showed a pathological spinal 
fluid protein. 

In the group of patients who showed 50-59 cells per cubic millimeter of spinal 
fluid, there were 12 cases or 46 per cent with an increase in cell count but a normal 
spinal fluid protein. In this same series there were 54 per cent with patho- 
logical spinal fluid protein. 

In the next group of patients having from 70-89 cells per cubic millimeter 
of spinal fluid, there were 9 cases or 40 per cent who showed an increase in the 
spmal fluid cell count but normal spinal fluid protein. There were 60 per cent 
of this series who had a pathological spinal protein. 

In the remainder of this table there was pathology in all the spinal fluid 
proteins with the exception of 2 cases. When the cell count reached 90 cells per 
cubic millimeter, there was a rise in the spinal fluid protein in nearly all cases. 
There was a lag in the appearance of spinal fluid protein pathology as compared 
to cellular pathology. 

In comparing the percentages of normal spinal fluid proteins and patho- 
logical spinal fluid proteins we find that protein response is slower in appearing 
in the disease than an increase in the spinal fluid cell count, and also the spinal 
fluid cell found is a more sensitive indicator in determining pathology of the 
spinal fluid in trypanosomiasis. 

The purpose of this table was to ascertain what the average spinal fluid cell 
count was at each stage of the disease. 

There was an average of 35.94 cells per cubic millimeter of spinal fluid in 
Group A. There were only 21 cases in this whole series that showed normal 
spmal fluid cell count. There were 77 cases in the first group, which is a fair 
sample. 

The largest number of cases appear in Group B. The average number of 
cells in this group was 42.1 per cubic millimeter of spinal fluid. This stage of the 
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disease continues for a very long time in untreated cases and the number of cells 
in this stage as compared with the first stage shows only a very small rise. 


Spinal Fluid Cell Counis with Their Relation to the Four Stages of the Disease 


nmv CELL COUST 

ESTIMATED STAGE OF THE DISEASE 

A 

Stage o{ invasion 

B 

Enlargement of 
lymphatics 

C 

Involvement of 
central nervous 
system 

D 

Terminal cases 

Total 

0-9 

5 

14 

2 


21 

10-29 

39 

149 

12 


200 

30-49 

21 

89 

7 

1 

118 

50-09 

0 

10 

4 


20 

70-S9 

3 

10 

3 


22 

90-110 


3 

3 


0 

110-299 

3 

15 

2 

1 

21 

300-399 


2 



2 

400-499 



2 


2 

500-599 






000+ 

1 

! 

2 

1 

3 

Total 

77 

304 

37 

3 

421 

Avr. no. of cells.. . . 

35.94 

42,1 

82.24 

103.0 



The number of cases in Group C is small, with only 37 patients. The average 
number of colls in this group was 82.24 per cubic millimeter of spinal fluid, 
which is almost double that of the Group B. 

In Group D there were only 3 cases with a spinal fluid cell count average of 
103 cells per cubic millimeter. The cases were very far advanced and 2 of them 
died. There is a gradual rise of the number of cells in the spinal fluid during 
the progress of the disease. The greatest increase in the number of cells is in 
the later stages as shown in Groups C and D. 


Spinal Fluid Protein Determination, in Relation to the Four Stages of the Disease 


SriS'AL TtfID rUQrTTl*? 

A 

STAcr. or 
IM'ASZON 

1 B 

E^‘u^RCEi^:^T or 

LYlfniATICS 

c 

IK\’OL\XUEN‘T or 
CENTRAL NERVOUS 
SYSTEM 

1 

D 

TERMINAL CASES 

TOTAL 

0.22 

55 

ISO 

13 


2-lS 


IS 

101 

13 


132 

0.5/) ’ 


1 



1 

0,50 


9 

2 


11 

0.07 

o 

12 

4 


18 

0.71 

1 

2 



3 

0.7S 

1 «> 

\ 

5 

,3 

3 

13 


\ 

\ 

2 


2 



i 7> 

; 310 

^ 37 

1 •'1 

f 1 


IN - 

0,2*1 


1 

1 

t 0.42 

I ! 

1 ; 

! 0.7S ! 
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The above table is of value because the measure of spinal fluid protein gives 
some indication as to the amount of destruction that has taken place in the brain 
and spinal cord. As has been shoivn before, the protein response is slow in ap- 
pearing, but also indicates a longstanding infection and a certain amount of 
destruction. Many patients liaving a ver}' high protein content do not respond 
to treatment and maj- die. All the patients with spinal fluid protein readings of 
0.7S and 0.S5 died. 

In Group A there were 78 patients and their average spinal fluid protein was 
0.29 centigrams per liter of spinal fluid. The normal spinal fluid protein is 
0.22 centigrams per liter. It ma}' be seen that this early group of patients has 
only a slight increase of spinal fluid protein. 

In Group B there were 310 patients with an average increase in the spinal 
fluid of 0.32 centigrams per liter. Even at this stage the rise in spinal fluid 
protein is not marked. 

In Group C there were 37 patients inth an average of 0.42 centigrams per liter 
of spinal fluid. At this stage of the disease the rise in protein is marked. 

In Group D there is an average of 0.78 centigrams per liter of spinal fluid. 
None of this group showed response to treatment and died soon after treatment 
was begun. 

This table shows that as the disease progiesses from the stage of invasion to the 
terminal stage there is a gradual rise of the spinal fluid protein. 

Comparison of Ncto and Relapsed Cases as io Spinal Fluid Cell Counts and Spinal 

Fluid Protein 


SPINAL TLVID PROTEIN 



0.22 

0.40 

040 

0.56 

0.67 

0.71 

0.78 

0.85 

Total 

Relapse cases 


34 

30% 

■ 

3 

3% 

5 

5% 

■ 

3 

3% 

■ 

94 

New cases 

209 

50%' 

98 

28% 

■ 

8 

2% 

m 

3 

2% 

10 

3% 

2 

344 


SPINAL FLUIP CELL COUNT 



0-9 

10-29 





110 - 

299 


400 - 

499 

1 500 - 
599 1 



Relapse cases 

4 

4% 

32 

39% 

24 

29% 

4 

4% 

5 

6% 

6 

7% 

4 

4% 

1 

■ 

■ 

1 

81 

New cases 

17 

4% 

168 ! 
48% 

94 

21%j 

22 

6% 

17 i 

4%i 

1 


17 

4%, 

2 

2 

3% 

1 

I 2 

345 

1 


The point of interest in these two tables is that only 41 per cent of the patients 
m the relapse group had a normal spinal fluid protein, while 66 per cent of the 
new cases show no change in the spinal protein. This was not the case in the 
spmal fluid ceU count, as both new and relapsed cases show only 4 per cent having 
a normal spinal fluid ceU coimt. Again this table shows that the spinal fluid ceU 
count increases earlier in the disease than the spinal fluid protein. 
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Miscellaneous symptoms , — Sexual impotency is a common complaint in male 
trypanosomiasis cases and sometimes this is the fii'st symptom of the disease. 
Many of these cases do not have headache. It is usually associated with malnu- 
trition. The condition nearlj’- always clears up after the fourth or fifth treatment. 

Another sjnnptom often seen in fatal cases is effusion into the joints and this 
condition has been seen in 5 fatal cases. All the joints of the body are involved 
and it causes the patient a gi-eat deal of pain when he is moved. The condition 
comes on suddenly and is usually associated with high fever. Most of these 
patients died on the fourth or fifth day after the effusion of the joints developed. 


General Remarks On Treatment 

The following treatments were given during the last term of service from 
December, 1943, to November, 1944. 


KUUBEU 0? PATIENTS 

NmiBER OP TREATMENTS 

4S 

0 

19 

1 

15 

2 

17 

3 

11 

4 

18 

5 

14 

6 

44 

7 

IOC 

8 

60 

9 

4M 1 

10 


The total number of single treatments given was G,564. A total of 6G8 pa- 
tients, or 83.94 per cent, received G or more treatments; 80 cases, or 10.1 per 
cent, received from 1 to 5 treatments; and 48 cases, or G.03 per cent, were diag- 
nosed on the survey trip but did not report for treatment at all. There were 
GIO cases, or 7G.G3 per cent, who received 8 or more treatments. 

I'he reason why a larger i}crccntagc of cases did not finish treatment was the 
fact that the survey tours were long and the diagnoses were made on these trips. 
In mtu\y instances tlie patient would have bad to walk from 3 to 10 days in order 
to reach a treatment center. In the Kissi section, where intensive work was 
done, 92.4S iwr cent of tl»e patients completed treatment. 

'I'wo tlrtig-' were u-^cd in the treatment of tr^^^anosomiasis, antrj’pol, manu- 
factunal by May and Baker, l.imitc<l, in England, and trj’parsamidc, made in the 
United States. 

One plan for treatment used t r>-pars;imide only, .and the other three pl.ansii.scd 
a coml)it\ation of anlrypol and tryparsamide. 

When trypan-anude v..as U‘-ed alone it was given in 10 dose.s spaced from G to 7 
days. Th" first do-e con-i.'ted of 1.0 gr:\in in :y cc. <4 freshly distilled water and 
all stib-'ajuenl do-es wen* each of 2.0 gT:\ms in 10 cc. of distilled w.ater. These 
thw.-. wem given to all the- adult patient.'- weighing 1(X) pounds or more, but were 
reduced for children. Ti'.e total itverage «ln'e given to one indiviflual w.as 10 
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grams. Tliis method has the advantage that it is useful at all stages of the dis- 
ease and that a very small number of reactions occm'. In introducing treat- 
ment into a new and fearful group of patients, trjTiarsamide is the drug of choice. 

The second plan of treatment is fii-st a dose of antiypol followed by 9 injections 
of tr^^parsaraide. One gram of antrj'pol is given for the first dose in 10 cc. of 
distilled water. The second dose consists of 1.0 gram of tryparsamide, and all 
following doses from 3 to 10 inclusive are 2.0 gram doses of trypai-samide. The 
total amount of dmg used in this plan is 1.0 gram of antrypol and 17 grams of 
trj’parsamide. Fainting and vomiting occurred in a small number of antrypol 
cases. The palms of the hands and soles of the feet remain tender from 1 to 4 
days after treatment. The patients say tlie drug makes their “head turn”, 
meaning dizzmess, in a large number of cases. The greatest advantages of the 
use of anti-jpol are that it does not produce eye symptoms and that it is a good 
public health procedure because trj’panosomes disappear more quickly from 
the circulatorj' s5'stcm than when trj’parsamide is used alone. After one in- 
jection of antrjpol it is practicallj’ impossible to demonstrate trypanosomes in 
the peripheral blood, wheieas trjpanosomes can sometimes be found after 1 or 2 
treatments of tiyparsamide. After antrjpol is administered it is practically 
impossible for flies to pick up an infection of trypanosomes. All the patients 
treated in mj’ first term of ser^’ice, 1941-1943, with the exception of one group, 
were treated bj”- these methods. 

One group of patients were treated in 1944 in the town of Babahun in the 
Gbandi section, with 3 injections of antrjpol, 1.0 gram each, at 5-day intervals 
and then 5 doses of trjparsamide, vdth 1.0 gram for the first dose and 2.0 grams 
for the other doses. This method has been used in other trypanosomiasis- 
treating campaigns, especially in Nigeria. A series of 686 cases were treated 
by this method. After the first or second dose of tryparsamide, 9 out of this 
group, or 1.3 per cent, developed severe arsenic dermatitis. In a series of 1928 
other cases studied from 6 to 20 months after treatment with tryparsamide, 
only .02 per cent developed a severe dermatitis. It appears that either antrypol 
when given in 3 consecutive doses produces a severe skin reaction or it produces 
a sensitization so that the arsenic in the tryparsamide gives the dermatitis. 
There were 12 cases that developed a severe oedema of the feet with albumen 
and casts in their urine. All these cases cleared up after from 2 to 3 weeks’ 
treatment. There were 6 deaths in this group during the time of treatment; 
2 died of pneumonia, 2 with chills and fever, probably malaria, and 2 from 
trypanosomiasis. , 

During the 1943-1944 term of service, for the American Foimdation for Tropi- 
cal Medicine, Inc., a different combination of treatment was -used. This plan 
is shown in upper table on page 44. 

No severe reaction causing dermatitis or oedema of lower extremities with 
nephi’itis was observed. It is too early to check the results of this method of 
treatment. By using this plan the maximum amoimt of antrypol can be used 
with the least toxic effects to the patient. 

During the 1943-1944 survey it Avas also possible to examine 2,764 cases 
w'hich had been treated preA’iously. These shoAved about 4.0 per cent relapses. 
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Those treated with tryparsamidc alone and those treated with a combination of 
antrypol and tryparsamide showed about the same number of relapses. 


DOSE 

AMOUNT 

DRUG USED 

1st 

Srams 

1.0 

antr 3 ’pol 

2d 

1.0 

tryparsamidc 

3d 

2.0 

tryparsamidc 

4 th 

1.0 

antrypol 

5th 

2.0 

trj'parsamidc 

6th 

2.0 

tryparsamidc 

7th 

2.0 

trj'parsamidc 

8th 

2.0 

tryparsamidc 

9th 

2.0 

tryparsamidc 

10th 

2.0 

tryparsamidc 


Report Op Deaths 

During the period from December 20, 1943, to November 1, 1944, 796 pa- 
tients were diagnosed and of these 14 died, giving a death rate in this group of 

2 per cent. Other deaths will probably occur due to tiypanosomiasis during 
the next year in this group but there seems to be no way to find out the facts 
regarding these patients. It is also known from previous work that approxi- 
mately 4 per cent of these cases will relapse. Death will probably follow in 
many of these relapse cases. 

However, an analysis will be made here of the facts that are known about these 
14 deaths. There were 10 males and 4 females; 9 were of the Ivissi tribe, 4 of the 
Buzzi tribe and one of the Gbandi tribe. One case had relapsed after he had 
treatment two years ago. All the others Avere new cases. As to the method of 
diagnosis, 2 were made by examination of a preparation of thick blood smear, 

3 by clinical diagnosis, and 9 were made by examination of material obtained 
by a pimcture of the cervical lymph glands. The distribution of the cases by 
age group is interesting: 


AGE 

! CASES 

years » 

0-9 

0 

10-19 

5 

20-29 

3 

30-39 

4 

40-49 

1 

50 and over 

1 


It appears that the deaths from trypanosomiasis do not occur in the very young 
or the very old. Most of the deaths are in the 20-39 age group. In the original 
796 cases this was the age group in which there were most cases. Many of the 
fatal cases were far advanced and some died soon after treatment Avas started. 
Three of these cases did not receive any treatment and four had only one treat- 
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ment; tM'O cases had three treatments and 2 had four treatments. Only three 
fatal cases received a course of eight treatments. In these three cases death 
occm-red soon after the completion of treatment. 


DIAGNOSIS DATE 

DEATH DATE 

APPROXISfATE NUSfBER OP MONTHS 
AFTER DIAGNOSIS PATIENT DIED 

Jan. 30, 1944 

Apr. 1, 1944 

2 

Feb. 6 

Apr. 7 

2 

Feb. 6 

Apr. 8 

2 

Apr. 6 

Apr. 10 

2 

Apr. 13 

July 10 

3 

Apr. 21 

Aug. 10 

4 

May 1 

Aug. 11 

3 

May 1 

May 12 

1 

3 

June 27 

Aug. 22 

2 

July 20 

July 29 

I 

Jul}' 21 

July 30 

I 

July 22 

Oct. 26 

4 

July 23 

Sept. 29 

2 

Aug. 6 

Aug. 26 

I 


4 cases died I month after diagnosis 
6 cases died 2 months after diagnosis 
3 cases died 3 months after diagnosis 
1 case died 4 months after diagnosis 

Most of these cases died soon after treatment was given. Those who received 
no treatment were cases diagnosed during one of the survey trips. One of 
these cases was so far advanced that he could not walk and was carried in. 
Three of this group were insane and a history had to be taken from a relative. 
In carefully talcing a history of these cases the following facts were found: 
There were onl 3 '^ two cases who had been ill for less than one year. Six cases 
gave a history of one j’^ear duration, four gave a historj’’ of two years duration, 
one case of tlmee j’^ears duration and one case of foui- years duration. The 
neurological findings of these cases vaiy greatly. There were eight with a pos- 
itive Romberg sign. 

Consideration of spinal fluid cell count and spinal fluid protein in the 7 fatal 
cases. — ^There were 14 deaths in the series of 796 cases but only 7 of this group 
had a spinal pimcture done, so that we have laboratoiy findings on only 7 cases. 

The spinal fluid cell coimt showed that in only one case was the count ex- 
tremely high. 


CEIXS PEE CU. MM. 

CASES 

410 

1 

SO 

1 

35 

2 

25 

1 

16 

1 

15 

1 
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Most of the cases showed only a slight increase in the number of cells present 
in the spinal fluid. Some with low ceU counts probably developed some inter- 
current disease which was partly responsible for the deaths. 

The amount of protein present in the spinal fluid is interesting. 


CASF-S 

rRorriN fstiuatios 

1 

0.85 

1 

0.78 

2 

0.40 

3 

■ 0.22 


Two of these cases had a very high protein estimation and wore very late cases. 
Death occurred in both very soon after the diagnosis was made. There were 
two moderately advanced cases with spinal fluid protein of 0.40 centigrams per 
liter and three cases with a normal spinal protein. 

Results Of Previous Work 

Work on trypanosomiasis was first begun in Liberia on March 24, 1941, and 
continued until May 20, 1943. All this work was dona in the Western Province. 
The tribes in which trypanosomiasis was found were the ICissi, Gbandi, Loma, 
Mendi, Belle, Mandingo and Kpelle. Of these, the Kssi and Gbandi were 
the two tribes from which most of the cases came. There was enough work 
done in these two tribes to make an impression on the rate of infection of 
trypanosomiasis. During ray first tenn of service there were 7,535 patients 
from all tribes who received 8 or more treatments of tryparsamide or of antrypol 
and ti-yparsamide. 

When the work was resumed in 1943-1944 under the American Foundation for 
Tropical Medicine, Inc., an effort was made to find out the effect of the previous 
treatments given to these patients. A special form was printed to check the 
results. On this form spaces were provided for the following : 1 . N ame. 2. Card 
number. 3. Father’s name. 4. Age. 5. Sex. 6. Drugs used. 7. Dosage. 
8. Date of first injection given. 9. Number of months after treatment, when 
the check-up was made. 10. Condition of the patient, after treatment. This 
information gave a fair estimate of the patient’s progress aftei treatment. 

When the workers and the guards were sent to gather the Chief of the town and 
his people, they were instructed to have all the people who had had treatments 
previously, bring their cards. The response was satisfactory, one reason being 
that if a person could prove that he had received treatment, he would be excused 
from any further treatments in the future. The Chiefs of the towns iii most 
instances had collected the cards from the families in which deaths had ocemTed 
from trypanosomiasis. In many instances the chief could give useful informa- 
tion regarding the movements of patients. When a patient said he had had 
treatment but had lost his card, this case was not covmted. "ViTien a patient 
did not have as many as eight treatments recorded on his card, the case was 
not counted in this series of cases. 
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When a patient presented himself with his card a very careful examination 
was made to see that the card belonged to this particular patient. This could 
be checked by the name, the father’s name, age and sex. The exchange cf 
cards was a point which had to be Avatched all the time. 

Each patient was examined for gross enlargements of the cerAucal Ij-mph 
glands. Small hard glands, very firm on palpation, are encountered in patients 
for months after all clinical symptoms have disappeared. In these examinations 
a large soft gland usually means that the patient has had a relapse, or a rein- 
fection. A small hard gland usually means that the patient has recovered and 
that the resolution of the gland is not yet complete. 

Each patient was asked especially about headache. This is usually the first 
symptom that is noticed Avhen relapse occurs. The patients can note that the 
headache accompanying trypanosomiasis is different from that observed in 
malaria or other diseases of that area. The headache is different in that it is 
present at all times of the day. The taking of food has no effect on this type of 
headache. It is a constant, dull type of pain. No definite seat can be pointed 
out where its greatest intensity is localized. 

Nutrition was noted in general on this group of patients. Those Avho re- 
ported that they were well and could see well, had usually gained weight, and 
showed good nutrition. The cases which had relapsed Averc usually poorly 
nourished. 

The effect of the drugs on vision A\'as observed in everj’’ case. The cases Averc 
divided into tAA’^o groups, one of Avhich A\^as epmposed of those Avho were totallj' 
blind and the other of those Avho suffered from dimness of vision, but had re- 
covered sufficiently to carry on their A\'ork. The state of the patient’s A'ision 
Avas noted on the record of each case. 

The total number of patients examined Avho had been previouslj' treated was 
2,764. Since the total number of patients examined in the first group of 19-11- 
1943, Avho had recciA-ed eight or more treatments, Avas 7,535, this figure of 2,761 
represents 35 per cent of the group treated. A check of 35 per cent of the ca.'^s 
of the original group may be taken as a fair sample. 

This gi-oup of 2,764 patients, e.xamined during 1944 to find the resuK.s of 
prcA'ious treatments, came from three tribc.s. Tliere Avcrc 2,3S7 from the Kissi 
tribe. The reason this number is large is that the entire Kissi tribe was seen 
and the total population examined. It is al.'io the tribe from which (be greate.'-'t 
number of cases Averc found in the first, term of service. Only 334 ca.tes were 
examined from the Gbandi tribe. This tribe doc.s not cooperate avcH on medie.al 
problems and many of thc.se people destroyed their cards. Tiwrc Avere only •l.'t 
of the Loma (Buzzi) tribe, the ca,ses in this .section being .«c.’ittercd and difficult 
to locate. 

Dividing this group of ciu^c-s according to sex, we find that there were 1.377 
Jualcs and 1,387 female.s. In the con.rideration of the group of patient.- scf-n 
from 1911-1943. the sex ratio of malc.s over females Av.a.'; 1.02 on the per e.apga 
ba,sis. There Avn.s mughly an even divhion of ca.^^e^ in repird to sex. 'I'he dicrl;- 
'ip on fomalc.s i.s a little more complete than on mrde-'. Men contituudly go 
fi'vny to find work in industry'. 
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^^^len the cases were divided according to age distribution, the following was 
found: 


ACE 

1 CASES 

years 


0-9 

2SG 

10-19 

457 

20-29 

730 

30-39 

837 

40-49 

353 

50-59 

83 

GO and over 

10 


It will be observed that the 30 to 39 ago group is the highest in this series of cases. 
The same distribution was found in the group of cases treated in 1941-1943, so 
that the group of patients seen for re-examination was of approximately the 
same age distribution as the original group of cases. 

The cases were next divided into number of months after treatment in which 
the second examination was done. The following figures wore found: 


ccua 

From 6 to 11 months 11 

From 12 to 17 months 159 

From 18 to 23 months 366 

From 24 to 29 months 1,198 

From 30 to 35 months 795 

From 36 to 40 months 235 


There were 2,228 cases examined which had been treated two or more years 
previously. This period is probably long enough to consider the patient reason- 
ably free from relapse. It probably means that the patient has recovered from 
the disease. However, in the French Colonies it has been the custom to keep 
all cases of tiypanosomiasis under observation for a period of five years. This 
period of two years is probably not long enough to consider fully the results of 
treatment, but it does at least give some indication of the results. 

In the consideration of the results of treatment, there Avere 2,609 cases wMch 
were well and had no visual disturbances at all, representing 94.35 per cent of the 
group examined. From the history and physical findings in these cases it was 
evident that these patients Avere Avell clinically. 

The relapse rate of this group is high. In eighty-nine cases, or 3.19 percent 
of this group, trypanosomes could be demonstrated. It is impossible to say 
Avhether these are neAA’’ or relapsed cases. As I IcnoAv of no AAmy to separate 
these tAvo conditions, I shall consider them all as relapsed cases. If the spinal 
fluid protein had been determined and a spinal fluid cell count done on these 
cases, some information might have been obtained. A high cell count A\dth a 
loAV spinal protein indicates an early case. A relatively low cell count AAuth a 
high spinal fluid protein indicates a far advanced and probably a relapsed case. 
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It is difiicult to give an answer as to ivhy these eighty-nine cases relapsed and 
why the other cases recovered. Tlic records of these cases suggest no reason 
as to age group, se.v, or tribe that might be a factor. Many of the relapsed cases 
were not considered far advanced during the first term of service. These pa- 
tients may have had ^•er3• high spinal fluid protein when the original course of 
treatment was started. 

Since this group of eighty-nine cases improved clinically with a second course 
of treatment, it is possible that the principal reason why they relapsed was 
insuflicient treatment. None of these .cases were found to be arsenic fast, and 
none of them showed severe reaction to antr}^)^ and tryparsamide. 

Since there were fort 3 '-thrce known deaths in this group of patients and since 
these dcatlis were the result of tiypanosomiasis, it seems fair to include these 
deaths also in Avith the relapsed cases. The group of relapses would then include 
the. eighty-nine cases in Avhich trjTianosomes Avere found, as well as the forty- 
three deaths, making a total of one hundred and thirty-tAA’o cases. Relapse 
occurred in 4.81 per cent of the cases treated. HoAvever, since trypanosomiasis 
is a rather chronic disease and often acute respirator}’- diseases or dysentery is the 
final cause of death, it is difficult to say in this group of patients Avhether all the 
deaths Avere due to the relapsed ti-j-panosomiasis or intercurrent disease. A 
relapse rate of 4.81 is a rather high rate, but probably fairly correct. 

The effect of tryparsamide on the optic nerve and the resulting dimness of 
vision or blindness has been one of the reasons much caution has been used in 
giving tliis drug. A distinction should be made betAveen dimness of vision and 
total blindness. In the group of patients studied there Avas one case of total 
blindness. This represents 0.03 per cent of the cases. The cases that result in 
blindness are nearly ah\’ays cases of patients Avell advanced in years, Avho have 
arteriosclerosis and are usuallj’ long standing cases of trj’panosomiasis. Withmost 
of these cases it becomes a choice of saAung the patient’s life or saving his vision. 

There Avere tAA'enty-tAVO cases or 0.79 per cent of the cases Avhich shoAved some 
dimness of Ausion. Taa'o types of reactions are noticed in patients from the effect 
of tryparsamide on the optic nerAm. The first type of reaction comes after the 
first or second treatment AA’ith the drug. The patient on the following morning 
is blind or nearly so. He maj’ be able to notice moving objects or bright lights. 
The reaction is sudden in onset and severe in type. Drugs such as calcium thio- 
sulfate do not improA'^e the vision in these cases. Sometimes the patient is 
permanently blind; at other times a slight improvement comes after several 
months. 

The other type of reaction comes after the sixth to tenth treatment. The 
onset of dimness of Adsion is gradual, A narrowing of the field of vision is 
noticed and the patients haAm to be asked in order to find out about this sjanptom 
because of its mildness. Another tAvo grams of tryparsamide does these people 
no great harm. This group is usually able to finish treatment Avithout resulting 
ill effects. 

This may be summarized by saying that in the first group the tryparsamide 
acts as, a severe toxic agent on the optic nerve. In the second group of patients 
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the tryparsamicle action is slow and begins to cause trouble on the optic nerve 
when the body is saturated with the drug. 

As noted above, in this group of eases studied there were forty-three deaths. 
Most of these deaths were due to symptoms of trypanosomiasis, occurring two or 
three months after treatment. The eases were divided about equally as to sex 
and about equally distributed in all the age groups. Fifteen patients also had 
dysentery at the time of death, and five women died from delivery of a child or a 
miscarriage. It is difficult to say what part trypanosomiasis had in these deaths. 
Practical^’’ all patients had some symptom or signs of trypanosomiasis at the 
time of their death. 


SuMMAHY 

Report on 2,764 Cases 

Well, and see well 2, COO or 91.35 per cent 

Relapsed cases SO or 3. 19 per cent 

Dimness of vision 22 or 0.79 per cent 

Deaths 43 or 1.5S per cent 

Total blindness lor 0.03 per cent 

Results Of Diagnosis And Tiieatmbnt In The Ghandi Tribe 

During my first term of service in the Western Province of Liberia from March, 
1941, to May, 1943, intensive work was done on the Gbandi tribe. There were 
3,425 cases of trypanosomiasis diagnosed in this tribe and the greater part of 
them finished a full course of treatment. 

On my second tour of service one of the first steps taken was to evaluate the 
results of this previous treatment program. In January and Februarjq 1944, 
334 of these earlier treated cases were examined and the results of the treatment 
and dimness of vision'were carefully noted. The next step in the procedure in the 
Gbandi tribe was to make a survey and determine what the rate of infection was 
at that time. This was done in four of the largest toums of the tribe during 
January and February, 1944. The rate of infection was detennined as 1.42 
per cent. 

Following this survey a diagnosis and treatment was begun and all the popu- 
lation of three clans examined vdth the result that 67 Gbandi cases were found. 
These three clans were in a section of the Gbandi Tribe where there had 
previously been a very high infection rate. The three clans were Vassala, 
Wamoma and Tahamba. The purpose of the survey in September, 1944, was to 
see if satisfactory progress had been made in the reduction of tiypanosomiasis. 
There were 6 towns used in this survey, located in the 3 clans mentioned. They 
were Babahun, Botembah, Massambolahun, Porowu, Popalahun and Bolahun, 
the largest tovms in this area. Among 1,333 persons examined, 6 cases of 
trypanosomiasis were found, the infection rate being 0.45 per cent. A reduction 
of 1% had taken place since February, 1944. 

Trypanosomiasis is no longer of public health importance in the Gbandi tribe. 
It is doubtful if this low level of infection will remain if control measures are not 
put into effect soon. 
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Survey of Gbandi Country 
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Results Of Diagnosis And Treatment In The Kissi Tribe 

The survey of the Kissi tribe was done from August 31 until September 5, 1944. 
Previousljs during May, June, July and August, there had been an examination 
of all the Kissi tribe and 493 patients had been found to have trypanosomiasis. 
This group of patients was non" treated, the onJj’^ cases not receiving treatment 
being those who had moved from the area. A previous survey vas done in this 
tribe during February 1944. The same tovms vere used in both surveys because 
these Avere the largest towns located in the tribe. The towns were Poloma, 
Bolelu, Sardu Fascia, Foyakamara and Kondobengo. The patients in the 
ICissi tribe had been treated in three treatment centers located at Bolahun, 
Poloma and Bolelu. 

A careful study had been made to find all the relapsed cases and to do labora- 
tory Avork on this gi'oup of patients. 

There had also been an examination of 2,384 patients in the ICissi tribe Avho had 
been treated during the first period of AA'ork for 1941 until 1943. There Avere 
1,532 persons examined in this surA'^ey, 691 males and 841 females. A total of 
318 laboratory examinations AA'ere done. There AA'ere 114 cases in Avhich the 
material aats aspirated from the cerA’^ical lymph glands for examination. There 
Were 201 e.\'aminations made from thick blood film preparations. As a result of 
this work seA'^en cases were found positive by the gland punctiue method and three 
cases found positiA'e on the blood film preparation. The rate of infection for 
trypanosomiasis is 0.65 per cent. 

This Avork shows that a substantial reduction in the incidence of trypanosomia- 
sis can be made by a campaign of treatment of the infected cases. The rate of 
infection was reduced approximately 2 per cent in less than a year. It is difficult 
to bring about a further reduction after the incidence has reached the level of one 
per cent. Kcav persons entering this area are largely responsible for this fact. 
Since it has been shown by a survey of the Western Province that trypanosomia- 
sis occurs 0A’’er a large tenitory AAuth a Ioav rate of infection this condition Avill 
probably not change. - HoAvever, at the level of 0.65 per cent trypanosomiasis 
is no longer of public health importance. Unless some measures are put into 
effect to maintain the infection rate at this leA’'el it Avail probably become higher. 
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APPENDIX 

ScHISTOSOMI.A.SIS In LIBERIA 

The first cases of schistosomiasis in Liberia were reported by Dr, Richard P. 
Strong and Dr. George C. Shattuck (1930). Their cases were of the Schistosoma 
haematobium and Schistosoma mansoni type of infection and were found among 
the tribes in the Interior and among the inhabitants along the coast. 

Dr. E. Maass, in an article 3Aa'itten in 1927 “On the Pathology of the Liberian 
Hinterland”, reported that 33 cases were found at the Mission Hospital at 
Bolahim and that Schistosoma haematobium was widely distributed in that area. 
Both sexes were equally represented among the infected cases. Schistosoma 
mansoni was not found at that time. Later, in 1 930, E. Maass and H. Vogel in an 
article on “Schistosomiasis hlansoni in French Guinea and Liberia”, reported S 
cases of the type Schistosoma mansoni, contracted in Liberia some 50 miles east 
of the town of Bolahun. They reported no cases of Schistosoma mansoni coming 
from the Bolahun^area itself. 

In 1933, Harley reported 248 cases of schistosomiasis in the Central Province 
of Liberia near the French border. Both Schistosoina haematobium and Schisto- 
soma mansoni were found, but there was a preponderance of Schisto- 
soma manseni. He further stated that schistosomiasis comes nearest to beipg an 
occupational disease, as women spend a great deal of time at the edge of pools 
washing clothes, and also bathe more in the streams than do the men. He 
stated, too, that chronic dysentery was seldom due to Endamoeba histolytica, but 
frequently associated vith Schistosoma mansoni. Evidently the disease is fairly 
common in the Interior of the Central Province in Liberia. 

A group of 23 schistosomiasis patients were studied at Bolahun in 1944. 
Twenty of these cases were Schistosoma haematobium infections and three were 
Schistosoma, mansoni. Cases of Schistosoma mansoni had never before been 
reported from this area. All the cases of Schistosoma haematobium presented 
sjnmptoms of the genito-urinary disease. Two of the cases of Schistosoma 
mansoni presented s^nnptoms of rectal disease and the other case had mixed 
symptoms of both rectal and urinary disease. 

In the group where the ova of S. haematobium were foimd there were 15 males 
and 5 females. The cases were all in 3 age groups. The age grouping of these 
patients is not important, because the group is too small and 'because there 
was Was some selection in that all pupils of a school were examined. The disease 
affects all ages and both sexes and not onlj’^ this group. 
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My attention was called to the existence of this disease by the fact that boys 
from 6 to 8 years of age came in for treatment complaining of gonorrhea. It 
seemed unlikely that gonorrhea would be present in boys of that age and on 
ext^ination of the urine the ova of S. haanatohinm were found. 


AGE 

CASES 

0-9 

4 

10-19 

8 

20-29 

8 


Cases were found in 5 tribes of natives and were distributed very uidely over 
this whole area. 


TRinE 

CASES 

Gbandi 

10 


5 


1 

Mandingo 

1 

Mendi 

3 




The fact that 10 of these cases were from the Gbandi tribe does not mean that 
the disease is more prevalent in Gbandi country. The number of cases is small 
and the location of the medical station is in the Gbandi tribe. A large number 
of the pupils of the Bolahun School are of this tribe. 

There was a wide variation in the duration of the disease in these cases. 


CASES 

MONTHS 

3 

0-5 

3 

6-11 

9 

12-23 

3 

24-30 

2 

60 


The patients gave a history of from 5 months to 5 years for the duration of the 
disease. 

Schistosomiasis is of a chronic nature and in the early stages very few symp- 
toms are present. The fact that all our cases are in children or young adults 
makes a long history of duration of the illness impossible. 

The cases were divided into two groups, those who Avere pupils of the Bolahun 
Mission School and those Avho were not. There were 12 school boys in this 
group and 8 other patients. 

To determine the rate of infection a survey was made of the Bolahun School in 
which 96 boys were examined on April 28, 1944, and 12 cases were found. The 
infection rate for this group was 12.4 per cent. All the cases in the school group 
were cases of Schistosoma haematobium. It is difficult to estimate what the rate 
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of infection in the community reall 3 >- is, as the sample of school boys is hardly 
representative of the population. The students of the school were made up 
from 3 tribes, Gbandi, Kissi, and Buzzi, and came from all parts of these tribes 
and part of this group must have contracted the disease at their homes. 

All the cases of boj’^s attending the Mission School at Bolahun were counted as 
Bolahun residents, of which there were 13. There were 2 cases found in Massam- 
abolahun, a town If miles west of Bolahun, and 2 in Tawalahun, one mile east of 
Bolahun. Two of the cases were from the Kissi section, one from the market 
town of Diama in the center of the Iflssi tribe and the other from the southern 
part of the tribe in the town of Langbabah near the Sierra Leone border. The 
other case came from the town of Vonjama, the government center of the Buzzi 
tribe and at least 45 miles distant from Bolahun. Vonjama is a very important 
center and natives come from all over the area when the court is in session and 
remain there sometimes for several weeks. 

The sjrmptoms reported by tliis group of patients were very similar. Pain is 
usually the first symptom mentioned and was present in the suprapubic region. 
A deep-seated perineal pain was sometimes described by patients early in the 
disease and most frequently came on after urination. Some patients describe 
the pain as a scalding sensation. Frequency and urgency of urination are nearly 
always present. Malnutrition, anemia and debility are commonly seen in the 
cases where the disease has been present over three years. Stricture is complained 
of in quite a number of cases, but does not occur in early cases. In practically 
all males there was a complaint of a drop of blood appearing at the end of urina- 
tion. At times when the patient has been subjected to heavy work over a long 
period of time, blood would sometimes be mixed xmiformly in the urine, which 
then presented a pinkish color. Fever was noted in only 3 of the cases and the 
pulse was usually normal. 

In 3 cases the ova of Schistosoma mansoni were found: 

Case 1. June 29, 1944. Name J. H., age 35, male, towa Foya Kamara, Kissi Section. 
Symptoms : pain in left side of chest and in lower part of back; attack of diarrhea with some 
blood in stool. Duration of illness, 3 3''ears. Examination showed thickening of mucous 
membrane of rectum with some papillomata. On palpation of prostate the patient com- 
plained of severe pain. No cysts of Endamoeha histolytica were found in the stool. Diag- 
nosis was made from seeing ova of S. mansoni in urine. 

Cass 2. Name Finela B., age 29, female, from Kissi Tribe. Symptoms; attack of diar- 
rhea with inabilit}’' to pass a formed stool during quiescent period of diarrhea; pain in lower 
abdomen, especially after a bowel movement. E.xamination showed several papillomata in 
the rectum. Diagnosis was made by finding ova of S. mansoni in the stool. 

Case S. R. M., Americo-Liberian, age 40, female. Symptoms: marked malnutrition, 
anemia and debility; pufBness of abdomen, with enlarged liver and spleen. Rectal e.\ami- 
nation disclosed a thickening of the mucous membrane with papillomata forming a sort of 
stricture in the rectum. The principal difficulty in differential diagnosis was to eliminate 
malignancj'. Diagnosis was made by finding ova of S. mansoni in the stool. This case was' 
probably one of mixed pathologj'- of the rectal and urinarj’’ tj'pe. 

All the cases of Schistosoma mansoni seen were far more severe than those of 
Schistosoma haemalohhim. Pain in the abdomen was the most common of all 
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complaints. Attacks of diarrhea occur at intervals and then subside. Where 
there is a marked thickening of the rectal wall and the formation of papillomata, 
constipation is a common symptom. Fever is more common, while anemia, 
debility and malnutrition always are present in advanced cases of S. mansoni. 
Swelling of the feet and puffiness of the face were noted in 2 of these cases. The 
general clinical picture of the infection of Schistosoma mansoni is by far the most 
grave. 

Treatment was carried out by using tartar emetic. The first dose consisted 
of \ grain of the drug in 5 cc. of freshly distilled water and the following 10 doses 
of 1 gr. each in 10 cc. of distilled water given twice weekly. No serious reaction 
occm-red and all the cases showed improvement. 

The intermediate host of Schistosoma haematobium is the snail Physopsis 
africana var. glohosa, specimens of which were fmmd in the Western Province of 
Liberia at the follo\ving places. The identifications were made by Dr. Joseph C. 
Bequaert. 

1. Kolahun, Gbandi section, headquarters for the Assistant District Commissioner. 

2. Bolahun, Gbandi section, where the Holy Cross Mission is located. 

3. Babahun, Gbandi section, 4 miles northeast of Bolahun. 

4. Bawolahun, large town on the Kahar (or Kaia) River, 10 miles south of Bolahun. 

5. Between Massambolahun and Porowu, in the Gbandi section. 

6. Poloma, in Kissi section. This town is in the eastern part of the ICissi tribe. 

7. Near Foyakamara, in the Kissi section, in the market town of Diama. 

8. Vonjama, Buzzi tribe, residence of the District Commissioner. 

Dr. Bequaert also collected this snail near the village of Bandemi, about 
midway between Foyakamara and Sodu, IQssi section. 

The snail Lymnaea natalensis var. undussmnae, the intermediate host of the 
large cattle fluke, Fasciolopsis gigantica, was found at Kolahim, Liberia, in a 
pool from which the people get their drinking water. According to Dr. Bequaert, 
this snail is very rare in Liberia, although H. Vogel in 1932 reports finding it at* 
a few places in the Bolahun area. 
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The present account of the distribution and ecology of tsetse-flies (Glosmia) 
in Liberia is based primarily on observations made from December, 1943, to 
August, 1944, for the American Foundation for Tropical Medicine, Inc. I 
have included some information obtained on an earlier brief stay in the same 
territory, from July to November, 1926, as a member of the Harvard African 
Expedition under the leadership of Dr. (now Colonel) Richard P. Strong. 

It seems essential to introduce the discussion of the Liberian tsetses with a 
concise description of environmental conditions. Of the twenty-one species of 
Glossina generally recognized at present, only four are efficient vectors of human 
trypanosomiasis, while the others are negligible, not being positively known to 
transmit the disease. The occurrence, abundance and habits of each species 
are closely correlated with the outside factors, or the environment, particularly 
as they concern the spread of the disease. Of these factors, the type of vegeta- 
tion is of particular importance, and this in turn depends chiefl 3 ’’ upon climatic 
conditions and to a lesser extent upon the physiography and nature of the soil. 

The Liberian Ei^vironjient 

1. Physiography . — ^The Republic of Liberia, wdth an estimated area of some 
43,000 square miles, has an Atlantic coastline of nearly 350 miles, stretching in 
a southeasterly direction (approximately between 11°30' W.G., 7° N. and 7°30 
W.G., 4°30 N.). In the hinterland, the northwestern corner reaches to about 
8°30' N., some 150 miles from the coast. 

The coastal aTea, to some 20 miles inland, is generally flat and cut by many 
tidal lagoons and creeks, in w^hich the rivers empty, their mouths being usually 
obstructed by shifting sand bars. In Liberia, the coastal lagoons are generally 
small, the largest being that of Fisherman Lake at Cape Mount. On this low 
plain, a few hilly promontories stand out as conspicuous landmarks: Cape 
Mount, reputedly 1,00'0 to 1,100 ft. above sea-level; Cape Mesurado (Mamba 
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Point) at Monrovia ; Baffu Point ; and Cape Palmas. Beyond the narrow coastal 
strip, gently undulating hills of moderate height (on the average 300 to 900 
ft. above sea-level) cover most of the Republic. In a few areas only do these 

reach greater heights and a more rugged appearance, so that they might 
perhaps be called moimtains, as the local inhabitants do. In the northwestern 
comer (Kolahun and Zorzor Districts) some of the hills reach 1,400 to 2,200 ft. 
The most conspicuous range, to the south of the native town of Pandamai (or 
Kpandemai), is said to reach 4,528 ft. On some maps this is called the Walo 
Mts., on others the Wolagwissi Mts., and the summit itself the Wullibih.^ 
Notwithstanding the altitude. Dr. Veatch and I found conditions much the same 
on this mountain as in the surrounding lowlands, the summit itself being covered 
-with dense rain forest. However, some other high points in the Kolahun area, 
hnown locally as “Fossas,” are bare of vegetation, owing to the rocky and flat 
table-like nature of the top. Two of the largest “Fossas” visited on my journey 
are the Mpaka Fossa, between Bolahun and Kolahun, about 1,960 ft. high;^ 
and the Ballawallah, about 10 miles south of Bolahun, which reaches 2,300 ft. 
Another important mountain group, in the region of Sanokwelle, occupies part 
■of the north-central corner, close to the border of French Guinea. It is some- 
times called the Nimba Mountains and is reputed to attain altitudes of 6,000 
ft. or more; but its highest points are north of the border in French territory. 
Mt. Bobei, in the Liberian part of this range, is about 3,400 ft. high. According 
to the most reliable information, the Liberian section of the Nimba Mountains 
is also covered to near the summit with rain forest. In connection with the 
orography of the country, the point of most interest is the absence in Liberia of 
a sizable area where climatic or vegetational conditions might exclude tsetse- 
flies. No section of the country can therefore be regarded as naturally immune, 
owing to the lack of vectors, either to human or to animal trypanosomiasis. 

Numerous rivers and streams drain the abundant rains. None of the rivers, 
hoAvever, are very large, many being only a few hundred yards wide. Only 
the follo^ving reach a greater -width, at least in the coastal plain, all of them 
running more or less parallel to one another in a general southwesterly direction. 
The Mano or Gbea (Bewa) River forms part of the boundary of Sierra Leone. 
The Loffa River ends at Little Cape Moimt, a few miles east of Fisherman 
Lake. The St. Paul River, which empties just north of Monro-via, is some 200 
miles long and connected at its mouth, by means of the shallow Stockton Creek, 
•with the Mesurado Lagoon, on which Monro-via is situated. The St. John 
River and Cestos River both start their course in the mountain range of the 
Sanokwelle District. The Sanguin River, Sino River and Grand Cess River 
are much shorter than the foregoing. The Cavalla (or Cavally) River, the 
largest of all, forms nearly a third of the boundary between Liberia and the 
Ivory Coast. The smaller of the two Firestone Rubber Plantations is situated 

1 At Pandamai I was told that the Buzz! call the entire range “Wolag\vissi” and the 
summit proper “Mwuntebe”. 

5 The hipaka Fossa is shown in a book by P . Germann; Die Volkerstamme im Norden 
von Liberia, (Leipzig, 1933), PI. Xlla. 
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on tho right bank of (he Cavalla, a few miles inland from Cape Palmas. Harbel 
Plantation close to Monrovia in the drainage of the Du (or Dukwa) and of 
the Farmington, two relatively small rivers ending in a common mouth at 
Marshall. Even tho largest, rivem are over mo-^t of their com-sc shallow, swift- 
flowing and ob.<tructcd by rooks, rapids or falls, which render navigation im- 
practicable even for dugout canoes, e.xcept in (he. lower reaches on the coastal 
plain. The water level, moreover, fluctuates considcnibly with the seasons. 
After a prolonged drought (usually in March-April), the waters recede, c.xposing 
wide stretches of shaded .sandy or rocky shores, which alTord ideal breeding 
places for sevend species of tsetses. When the waters rise after the heavy 
rains (from August to December), they flood the banks, malcing them unsuitable 
to the bit’cding of (he flics. The importance of (his se.asonal factor in the ecol- 
ogy* of Liberian Gloa^ina will be discu.s.scd later. 

Geologically .speaking, I.,ibcria occupies one of the oldest .sections of Africa, 
the core of the land consisting everywhere of Archaean and mostl 3 ’' metamorphic 
rocks, particularlj' gnei.ss, gabbro, gninite and quartz. A'arious iron ores and 
mica-schists arc also common. In the more rugged sections these rocks are 
often freely exposed at, the tops or on the steeper slopes of tho hills. Elsewhere 
they form outcrops in the beds of (he rivers. Over much of the territori’’, how- 
ever, the older rocks have been weathered and leached into a la 5 '’er of reddish 
loam, often with limonitic concretions. The loam is particularly thick where it 
is well protected against erosion by the natural forest cover. Otherwise it is 
washed aw.ay or deteriorates into a bard crust of lateritic rock, particularly in 
flat areas which become water-logged after the lieavj’’ rains. Several such plains 
of lateritic rock}* soil, devoid of trees and mainly covered with coarse grass, 
occur near Pandamai at the western foot of the Wolagwissi Range. No tsetses 
are to be found in them, since the lack of shade makes them unfit to the adult 
flies. Unfortunately the poor soil precludes any possible use of these plains 
for native settlements away from the haunts of tsetse-flies. In the coastal 
plain, the level areas have a thick cover of alluvial sand and loam deposited by 
the river floods or in the tidal lagoons. 

2. Climate ? — The climate is typically tropical over the entire territory of 
Liberia, being characterized by a uniformly high temperature, a heavy rainfall 
and a high atmospheric humidity. 

At Harbel Plantation, close to sea-level, observations carried on from 1932 
to 1939 show an average yearly mean air temperature in the shade of 78.2° F., 
with an average of 7.4° F. above and below this point, or a total range of 14.8° F. 
The maximum absolute temperature on record was 96° F. on March 16, 1938, 
and the minhmun 58° F. on January 21, 1939. The seasonal fluctuations are 
very slight. For 1932-1939 the lowest average mean monthly maximum tem- 
peratme Avas 80.5° F. in August and the highest 89.4° F. in February. The 

’ The meteorological data for Harbel Plantation were kindly supplied by the Research 
Department of the Firestone Plantations Company, through Dr. K. G. Meindoe. Those 
relating to [the Bolahan region were supplied by the Holy Cross Mission, through Father 
Leo F. Kroll. 
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minimum temperature varied much less, however, -with the average monthly 
mean highest in May (71.8° F.) and lowest in January (69.3° F.). The highest 
average solar temperature ranges from about 122° F. in August to about 148° 
F. in April, with a recorded highest maximum of 165.5° F. The earth tempera- 
ture at a depth of 1 ft. below bare soil shows a yearly average of 80.4° F. (aver- 
age maximum of 83.5° F. in March-April, and average minimum of 76.6° F. 
in August). At a depth of 4 ft. the yearly average rises to 81.5° F. (from 84.3° 
F. in April to 78.9° F. in September). 

The temperature appears to be much the same throughout the coastal area. 
Travelling inland, however, it changes gradually mth increasing altitude, al- 
though always retaining tropical characteiistics. In the region of Bolahun 
(1,640 ft. above sea-level), fragmentary observations for the year 1923-1924 
gave an average yearly air temperature in the shade of 72.5° F., with an average 
of 6.1° F. above and below this point, or a total range of 12.2° F. March had 
the highest average monthly maximimi temperature (88° F.) and January- 
February the lowest average monthly minimum (56° F.). This region is there- 
fore decidedly cooler throughout the year than the coastal belt and the seasonal 
fluctuation of the temperature is more pronounced. 

The rainfall is very heavy, in fact heavier than in most other parts of Africa 
with the exception of certain areas in Cameroon.'* In the coastal belt it rains 
throughout the year, but the rainfall is unevenly distributed, being about four 
times as large during the “wet” season (from May to October) as dining the 
so-called “dry” season (from November to April). There is also much irregu- 
larity from year to year in the total rainfall as well as in its seasonal distribu- 
tion. At Harbel Plantation the average total annual rainfall for the eleven-year 
period 1932-1942, was 138.04 inches (maximum 188.85 inches in 1933; minimum 
115.02 inches in 1937). The bulk of the rain usually fell during the six months 
from May to October (for instance, in 1933, 154.59 inches, or 81 per cent of the 
total, as against 34.26 inches, or 19 per cent, during the six months January to 
April and November-December). As a rule the wet season had two peaks, one 
about mid-June and the other about mid-September, but this feature was irregu- 
lar (in 1933, the wettest month was August with 37.58 inches, the next wettest 
Jrme with 35.36 inches). January and February were the two driest months 
(with 2.11 and 2.30 inches respectively in 1933). The lowest monthly rainfall 
on record during 1932-1942 was in January, 1937, ivith 0.02 inch, the next low- 
est in February, 1938, with 0.1 inch. The beginning and end of the heavy 
rains are usually heralded by thunderstorms sometimes -svith gusts of -wind. 
During the wettest months it often rains almost continuously for several days 
and nights, there being then very little sunshine. The heaviest rain recorded in 
24 hours was 9.6 inches on July 20, 1935, and the largest amount in one hour 
was 3.5 inches on July 8, 1934. It should be noted that at the coast there is 
always much cloudiness, even during the “dry” season. 

Even in the coastal plain the rainfall varies from place to place, differing 

At Bibundi, on the slopes of Mt. Cameroon, the total annual rainfall may reach 400 
inches. 
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sometimes appreciably in localities only a few miles distant. Certain sections 
of Harbel Plantation, for instance, receive more rain than others or than Mon- 
rovia. Going inland, the “dry” season becomes progressively more pronounced, 
while the total annual rainfall decreases, but the monthly distribution follows 
much the same pattern as on the coast. At Bolahun, in the extreme northwest- 
ern section, a total of only 92.82 inches were recorded from April, 1923, to March, 
1924, of which 69.01 inches, or 74.3 per cent, fell from Jtme to November, and 
23.83 inches, or 25.7 per cent, during April to May and from December to March. 
The loAvest rainfall was in January, mth 1.61 inches, the highest in July, vdth 
16.4 inches. Sometimes the dry season is nearly rainless in this area. During 
my stay there in 1944, no rain fell for about a month (from January 20 to Feb- 
ruary 19). On February 20 there was a thunderstorm with a high ^vind, but 
very httle rain. For the next four weeks there were similar light rainstorms of 
short duration, vdth thunder and wind. In this northwestern section there is 
also much more sunshine during the “dry” season than at the coast. How- 
ever, a pecuhar haze often clouds the sky at that time of year, when the Har- 
mattan, a warm and dry northeast wind loaded with fine dust, blows from the 
Sudan.® 

The more prolonged drought in the hinterland of the Republic, at the sources 
of the main rivem, is impoi-tant in many respects. In the first place, it causes the 
great seasonal fluctuations in the level of the water courses mentioned before. 
It has also a decided effect upon the vegetation. In fact, a fine drawn from 
Kolahun to Vonjama marks about the northern limit of the continuous rain for- 
est belt, being itself in a transitional zone where the forest is cut up by patches of 
grassland (savanna). North of this line savanna encroaches more and more 
upon the forest, until on the south bank of the Makona River, at the French 
Guinea boundary, grass formations cover most of the country, with the forest 
trees restricted to narrow fringes along the rivers. Both these features have 
an important bearing upon the distribution of tsetses in this area. 

Thi’oughout most of Liberia, the prevailing -winds are from the southwest. 
From May to October the southwest monsoon blows regularly, being respon- 
sible for the hea-vy rains. The sudden high vdnds, which mark the end and 
beginning of the heavy rains (October to December and March to May), usually 
blow from the northeast. 

In the coastal area the relative atmospheric humidity is high at all times. 
Observations at Harbel Plantation show that in all months it reaches 98% to 
100% at night (from 11 P.M. to 6 A.M.). It decreases from about 7 A.M., 
reaching a minimum between 11 A.M. and 3 P.hl. There is less decrease dur- 
ing the “wet” season. The average humidity falls below 75% only from De- 
cember to April, during the “diy” season. The lowest relative hmnidity on 
record was 51% on January 8, 1937,, between 2 P.M. and 3 P.M., during a 
typical Harmattan. The very high atmospheric humidity accounts for the 
hea\y mists which frequently blanket the landscape in the morning hours (from 

^ The effects of the Harmattan are sometimes felt slightly even at the coast of Liberia 
toward the end of December and throughout January. 
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6 to 8 or 9 A.M.), even in the “dry” season. No records of relative humidity 
are available for the hinterland, but it may be supposed that it is much lower in 
the Kolahun-Vonjama area than at the coast, particularly as the effects of the 
Harmattan are more pronounced there. The relative humidity of the air is 
the most important single climatic factor affecting the ecology of tsetses. In 
Liberia it offers nearly everywhere very favorable conditions for these flies. 

3. Vegetation . — The climate, as described above, is ideal for so-called “tropi- 
cal rain forest”, which requires a minimmn annual rainfall of 76 inches, dis- 
tributed fairly evenly over the several months. No doubt, forest was the origi- 
nal vegetation of most of Liberia, but this has been greatly changed by human 
activities in many places. It would be misleading to start my account wth a 
description of true or primary rain forest, since it is not the type ■with which the 
traveller becomes first acquainted. In fact, most Caucasian residents probably 
never see it at all, even after several years’ residence. 

If a ■visitor goes ashore by surf-boat, as was the general custom until a few 
years ago, he first meets ■with an assortment of straggling grasses and weeds on 
the upper stretches of the beach. These we may overlook as of no interest to us. 
Beyond the beach our ■\usitor will soon strike some of the tidal lagoons and 
creeks, the muddy edges of which are densely covered vith “mangrove”, a 
peculiar woody brackish water vegetation of the tropics. Its most conspicuous 
member is the mangrove-tree (Rhizophora mucronata), remarkable for the maze 
of aerial roots which descend from the branches and, after anchoring in the 
oozy bottom, develop into props supporting the tree. The mangrove fringes 
the lower course of the rivers for some distance inland, until the salinity of the 
water becomes too low.® Its dense shade affords ample protection for adult 
Glossina palpalis, but no appropriate breeding places, as the banks are muddy 
and flooded at high tide. The tsetses found lurking in the mangrove thickets 
therefore all migrated to them after hatching on higher ground. The man- 
grove swamps of Liberia are rather lunited in extent, whereas farther east on 
the West African coast they tend to spread over very large areas. 

Vegetation of the rain forest type probably originally reached close to the 
sea-shore in Liberia. At present, however, little of it remains in the narrow 
coastal belt, some 5 to 10 miles vnde, owing to continued cultivation for many 
centuries. In this belt the higher, uncultivated areas are mostly open grassland 
(savanna), occasionally of the “orchard-like” type, vdth scattered low trees or 
bushes (such as Anona scncgalcnsis, Parinarium macrophylhim, Lonchocarpits 
niacrostachyus) or wth patches of bracken fern {Pteridium aquilinuvi). The 
grasses are rather lov on sandy areas, where the alang {Impcrata cylindricd) 
often rules, but on loam or lateritic soil they arc much higher and belong to 
several species of Andropogon or to elephant grass (Pcnnisclum guineense). 
Lower and damper stretches bear dense thickets of a variety of small trees and 

« Fiphcrm.'in I^-nko, now the port of cntr>- for most visitors, was oripinally fringed with 
mangrove forest, wliich has now l)eon cleared away in the near \dcinity of the Airport. 
Sonic of the photographs published in II. Johnston’s well-known work, "Liberia”, were 
t.akcn in mangrove forest (vol. 1, figs. -lO, 172, 176 and 17S). 
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creepers or of false date-palm {Phocm.x recUnata). From the air this t 3 T)e of 
vegetation is seen along the entire coast, from Fisherman Lake to Cape Palmas, 
but the ^\•idth of the grassland belt varies. As might be expected, it is ividest 
near the main Libero- American settlements, where cultivation has been' most 
extensive and most constant. It should be noted that these grass formations are 
frequently burned over at the end of the “dry” season, thus preventing the re- 
turn of true forest growth. 

The tjqiical vegetation of the coastal belt has many xerophytic characteris- 
tics, such as the prevalence of thorny bushes and cactus-like milkweeds {Euphor- 
hia), being on the whole much drier than the several types of forest to be found 
farther inland. This ecological feature is of some importance in the epidemiol- 
ogy of trypanosomiasis in Liberia, where the disease is peculiar in being at pres- 
ent rare or ahnost absent in most of the coastal districts, particularlj’- in the 
settlements of the Americo-Liberians. This seems to be due in a large measure 
to the t3q3e of vegetation prevailing in the coastal belt. None of the Liberian 
species of tsetses has become adapted to the relativelj’- dry and unshaded con- 
ditions of the coastal savannas. The few flies occasionally seen near the coast 
occur only in isolated remnants of rain forest gro^vth or in the fringing woods 
on the lower course of the rivers, whence they may migrate temporarily into the 
mangrove thickets of the tidal waters. , Their numbers are often too small to 
present a serious public health problem. 

The remainder of Liberia is mostly covered with forest, that is vdth vegetation 
in which tree-growth predominates almost to the exclusion of grasses. The 
so-called “farms”, or areas actually under cultivation at any one time, are so 
reduced in extent and so scattered that they scarcely make an impression on the 
whole, for instance, when the country'- is viewed from the top of a hill or from the 
air. As elsewhere in tropical Africa, three main types of forest should be con- 
sidered: primary rain forest, second-gimvth forest, and inundated forest. 
Special conditions prevail in each of these types, influencing the suitability as a 
habitat for the several species of tsetses. 

In the Western Pro^dnee, the only section of Liberia -with which I am person- 
ally acquainted, the roads and main trails run at present mainly through second- 
g^o^^d,h woods at various stages of recover^L As this is the type usually seen by 
travellers, it \vill be described first. It is essential to realize that it is an arti- 
ficial product of the steady inroads of native cultivation upon the original pri- 
mary rain forest. Since native agriculture knows neither fertilizer nor crop 
rotation, the crop return declines steadily, eventually to near vanishing point. 
How soon this vdll occur depends in each case upon the original fertility of the 
soil. Wlien the decrease in harvest becomes noticeable, the natives start a new 
“farm” (as cultivated land is called locally) either in untouched primarj'- forest 
or, if hone such is available, in old second-grovdih forest. The clearing of the 
land is done during the “diy” months and is very thorough, little being left of 
the original forest. Even if some of the larger trees escape the axe, they -ndll 
mostly die vdthin the next yearn oAving to the changes wrought in the environ- 
ment. When the field is abandoned later, it may be said therefore to be vith- 
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out wild vegetation, except for the weeds that grew in the crops. At first these 
weeds take the lead, but they are soon eliminated by the arrival of woody settlers 
from the outside. These include bushes, small trees and creepers vith quick 
means of dispersal, of rapid growth and of low soil and water requirements. Al- 
though most of the species may be found grooving elsewhere under other con- 
ditions, they form in second-gro'wth a distinctive association, the constituents 
being much the same throughout tropical Africa. The umbrella tree, M usanga 
smithi, scarcely ever is missing from this assemblage. Within 10 or 15 years the 
second-growth produces a dense but low forest, in which the trees rarely reach 
over 70 feet in height, except for an occasional survivor of the original primary 
rain forest. The trees are usually scattered and admit more light through the 
canopy than those of true rain forest. This allows a luxuriant, entangled under- 
growth of ^bushes, herbs and creepers, more nearly like the layman’s concept of 
a jungle”. The drier conditions and lack of deep shade of second-growth 
forest are inimical to most species of tsetses, and, of the Liberian species, only 
Glossina fusca seems to be able to find shelter and food there. Even G. fusca, 
owever, probably does not find appropriate breeding places in this type of 


Bota^ts generally believe that second-groivth forest in tropical Africa is 
primary rain forest, if left undisturbed by man for 75 

!bnv. wi Africa primary rain forest is, on land 

Th ^ formation, in which the plant grmvth achieves a 

natural equilibri^ The afforestation process is, however, extremely slow and 
It doubtful whether it is ever completed in Liberia, where new “farms” are 
oS to^find the older patches of second-grovdh forest. In 
leave the main trails ComparatfvX ^rnf ? f necessary to 

the St Pauj and St. John ELtSepfrso^VrrhnK 

by wiv^of Sanov '7“" ^ from Paiata to Salala, 

Sir nl speonuens of Gh,sinaSmca were captured in most of 

mlvAnrovlr mf min forest was also 

Euf tta -Sri-’ d a ‘™' '‘'‘“P ‘0 Belleyella and 

the tillaacs TwTri • f 'roods being usually found close to 

til ^ f ^ rain forest seemed particularly well preserved in the 

ScTr tS3:tr??rtp“ 

of this arc,. The Gela Forest, m the hinterland of Fisherman Lake some 50 
miles from the coast, is reputedly the largest rain forest area in the Western 

tetmisfe arruntnll ^ botanist, so that its 

In so far as I be^.mo acquainted irith it, the Liberian primaoi min forest 
doK not differ e^enlially from that of other forested section? of topical Africa. 
It IS a mesophjHe fore,.t o ever^een hardwood trees, in appeamno? not unlike 
the mcsoplndic forc.-ts of the Middle .Atknlic United States. The chief differ- 
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ences are the great variety of species of trees and bushes, many of them broad- 
leaved, the abundance of epiphjdes (or air-plants) and the prevalence of creep- 
ers. h'lany tropical trees develop flattened buttresses which brace the base of 
the bole. In pn’niaiy rain forest it is usually rather easy to walk through the 
undergrowth of herbaceous plants and low bushes, which is not often entangled 
or jungle-like, except at the edges of clearings. The tops of the trees form an 
uneven but close canopy, allowing little light and heat to reach the lower strata 
and the ground. The humid and relatively cool atmosphere as well as the 
diffuse light of the woody undergrowth pro\ade seemingly ideal conditions for 
the adults of Glossi7ia Jxisca and (?. pallicera, two species of tsetses not particu- 
larl 3 ’- restricted to the banks of flowing water. 

Few of the Liberian forest trees are veiy large, most of them not exceeding 
50 to 100 feet in height. Some species, such as Dialium Dinklagei, D. guineense, 
Brachystcgia leone7isis, Macrohhhim macrophyllum and Pterocarpus santalinoides 
may reach 125 to 175 feet, or veiy exceptionally 200 feet. The bole of the trees 
is moderatelj’^ thick, usuall}'’ under three feet across, even in the tallest specimens. 
The Liberian primary forest is on the whole much less impressive than that of 
certain other parts of Africa I am acquainted Avith, particularly the eastern 
Congo Basin, where many trees reach 150 to 200 feet in height. The small size 
of most Liberian trees is no doubt due -to the poor quality of the topsoil, which 
covers the rockj'- subsoil mth a thin layer. Sometimes the rocky core is so 
close to the surface that the trees remain stxmted and, for lack of soil moisture, 
they may even shed the leaves in the “drj'-” months, as I observed during Janu- 
ary and Februarj’' on some of the hilltops in the region of Bolahun. I have seen 
nothing, however, in Liberia that could be called a “monsoon forest”, such as 
occurs in the hinterland of Nigeria, farther east. 

Wliere the soil is periodically flooded after the heavy rains and remains under 
water for most of the “wet” season, the usual types of rain forest trees do not 
grow. They are replaced by an impoverished t 3 q)e of woody vegetation, con- 
sisting of a few species of rather low trees, but wth a greater variety of creepers. 
Thickets of Raphia, or piassava palms, ai’e particularly characteristic, as weU as 
climbing palms, or rattans, often provided vith whip-like leaf-ends bearing 
sharp hooks. The kapok or silk-cotton tree {Caiba pentandra) is one of the few 
very large trees that thrive equally well in inundated forest and in primary 
forest. Swampy forests are conunon in Liberia, either in the many depressions 
between the hills or along the banks of the larger rivers. They are favorite 
feeding and resting haunts of adult Glossina palpalu, although the breeding 
places of this fly are never located there. It should be noted that there are no 
extensive tree-less permanent swamps, the papyrus or Eg 5 q)tian bulrush in 
particular being unknown in Liberia.'* 

In the extreme northwestern comer, some 10 to 15 miles north of Kolahun, 
the forest belt ceases and is replaced by grassland over approximately 500 
square miles. This “savanna” type of coimtry extends, moreover, into the 
adjoining section of Sierra Leone and, on the north bank of the Makona River, 

’ In other parts of Africa the papyrus swamps are generally free of tsetses. 
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is characteristic of French Guinea. The grass is usually high, with certain tall 
species of Panicum and Andropogon (6 to 7 feet high) dominant and wth occa- 
sional stretches of elephant grass {PcnniscLum guinecnsc). Bushes or trees are 
very few, but oil-palms {Elaois guincensis) are fairly common, scattered in the 
landscape. In this section the banlcs of most rivera and medium-sized streams 
are rather steep and are fringed with a continuous dense groudh of low trees 
and bushes. ' These fringing forests are rarely over a few hundred yards wide, 
yet offer a perfect shelter for Glossina palpalis and its breeding places. Where 
water stagnates in the “wet” season, there are more or less open swamps wth 
a scattering of trees of a peculiar t 3 T)e {Scarcoccphabis). In recent years the 
local natives have been planting swamp rice in many of these depressions, a 
practice which no doubt exposes them more to schistosomiasis (Compare Dr. 
Veatch’s Appendix on this disease). 

From a purely botanical point of view, Liberia lies ^vithin the Upper (or 
Northern) Guinea Forest District (or Sub-province), itself a section of the 
Guinean Forest Province. The families, genera, and even some of the species 
of plants are mainly the same as elsewhere in West Africa. The flora is, moreover, 
essentially that of the Central African forest area which extends across Cameroon 
and the Congo Basin to the shores of Lake Victoria.® Of the five species of 
Liberian tsetses, two (G. palpalis and G. fusca) have a similar mde distribution 
on the Continent; but the others {G. mcdicorum, G. pallicera, and G. nigrofusca) 
are nearly restricted to Upper Guinea. 

4. Animal Life and People. — In a discussion of trypanosomiasis, animals are 
of interest as a source of food for the tsetse-flies and as a possible reservoir of 
the trypanosomes of human sleeping sickness. It should be emphasized that, 
no doubt owing to its exceedingly tenuous, needle-like proboscis, a tsetse never 
partakes of any food except vertebrate blood at any time during its entire life 
and that its sole source of water is also blood. So far as knoAvn, the fly could 
neither survive nor reproduce in the absence of a blood diet.® Feeding is re- 
stricted to the adult fly, the egg and larva developing inside the abdomen of the 
female until the maggot is full-grown and ready to transform into a puparium 
shortly after being voided. Only one larva develops at a time in the female 
fly, the rate of reproduction being therefore low as compared wth that of most 
other insects where many eggs are laid at once. This handicap is compensated 
mainly by the long life of the adult and by the careful selection of the breeding 
sites where the larvae pupate, so that relatively few of the offspring fail to hatch. 

Feeding is usually carried on in broad daylight, but a few species are also 
crepuscular or may even attempt to bite on moonlit nights. The flies attack 
their prey outdoors, usually in the woods or grasslands, sometimes in villages, on 
open porches, in sheds or in tents. Only exceptionally do they stray inside 

s Additional information on the flora of Liberia will be found in R. P. Strong’s “The 
African Republic of Liberia” (Vol. 1, Chapter XXXII, pp. 513-568, by David H. Linder). 
See also G. P. Cooper and S. J. Record, 1931. 

s H. M. O. Lester and L. Lloyd (1928) have shown that the digestive enzymes of tsetses 
are adapted to the digestion of blood and not of plant juices. 
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huts or houses and tliey seldom attempt to bite there. In contrast to malaria, 
human tn*panosomiasls is not contracted indoors. Tsetses seem to be particu- 
larly attracted by moving objects, vhich c.vplains why they often enter automo- 
biles and railroad carriages. Tliis peculiarity accounts for the specimens of G. 
palpalis which are sometimes observed near dwellings at Harbel Plantation, 
the flies having boarded a car or a bus (particularly if it is loaded vith natives) 
at some river bridge. 

Although the diet requirements for successful reproduction vary irith the 
several species, it may be said that for all tsetses the abundance or scarcity of 
adult flics in a given locality is regulated in the first place b}'’ the accessibility of 
an adequate supply of suitable vertebrate blood. In the case of G. palpalis, 
e.\-perimcnts in various parts of .'Urica have shown that the first larva is laid 
about three weeks after the female hatches; after this nine daj's elapse on the 
average between parturitions, under favorable conditions of temperature and 
atmospheric humidity. Newlj'- hatched males must engorge before they mate 
and the females must do likewise before thej’ can produce the first larva. After 
each laiadposition at least one full meal of blood is needed before a new lair-a 
starts developing in the uterus. Upon hatching or after voiding a larva on a 
breeding ground, the female must therefore seek a host at once. As a female 
G. palpalis may live three months in captiidty and possibly a few weeks 
longer in nature, she produces at most from eight to ten puparia throughout life, 
and many flies die no doubt long before they reach that number.^® 

The two sexes are bred in about equal numbers either from batches of "wild" 
puparia collected in nature or from "bred” puparia laid in the laboratory by 
captive flies. In nature, however, there is often a preponderance of one of the 
sexes, due to a variety of circumstances, such as a different mortality rate, the 
greater and more sustained aggressiveness of the males, the distance from the 
breeding grounds to which the females must travel, etc. Both sexes bite and 
suck blood and, being about equally susceptible to infection irith tr 3 Tpanosomes 
(H. L. Duke, 1930), are both instrumental in the transmission of disease. Pos- 
sibly even, males ma}’’ be slightly more important in this respect, as they are 
never diverted from feeding by the other actirities of the females, such as the 
search for breeding grounds and landposition. 

The mammalian faima of Liberia is by no means deficient in species.^ Most 
of the mammals are, however, small and usually intolerant of attack by blood- 
sucking flies. Many of them also have secretive or nocturnal habits, so that 
they are not often exposed to the bites of tsetses. Some of the monkej^ and 
particularly the chimpanzee (generally called “baboon” locally) are attractive 
to tsetses when these animals descend to the ground or to the water’s edge; but 
they probably catch some of the flies that attack them and, moreover, have 

G. D. H. Carpenter (1919), in Uganda, recaptured a female (?. palpalis 182 daj's after 
it had been first taken, marked and released; but few marked flies are recaptured after 60 
or 70 days. 

See the account of the mammals by G. M. Allen and H. J. Coolidge, Jr., in R. P. Strong 
(1930, vol. 2, Chapter XXXIII, pp. 569-622). 
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become so scerce in most districts that the flics do not often come upon them. 
The larger mammals, which originally provided the tsetses with part of their 
main diet, include the red river pig, the giant- river pig, the pygmy hippopotamu-s, 
the water deer, the bushbuck (“red deer” of the Libcro-Americiins), the bongo 
(locally called “elk”), the dwarf forest buffalo {Syriccrm imiw, known as 
“bush-cow”), the elephant, and several .small antelopes mainly of the duiker 
group.*- None of these occur nowadays in appreciable numbers, the few re- 
maining individuals living mostly isolated or in pairs. The scarcity of game is 
no doubt due largely to persistent and unchecked native hunting over several 
centuries, particularly after the introduction of fire arms. Even .‘-mall herds of 
elephant or buffalo are rarities, at any rate in the \\'c.stcrn Province; and one 
is justified in disbelieving the reported greater abundance of these animals 
elsewhere in* Liberia. At any rate, the Republic has nothing remotely com- 
parable to the large herds of wild mammals found elsewhere in Africa and it is 
decidedly not “big game country”. The general scarcity of mammals probably 
explains why comparatively few individual tsetses arc observed at any one time, 
and perhaps even why so few species of Glossina arc found in Liberia. The 
main diet of the flies seems to be no longer the blood of wild animals, but has 
shifted to human blood. This appears to be particularly true of G. palpalis, 
the Liberian vector of human trypanosomiasis. The possible reduction in the 
total number of flies, which may have resulted from the destruction of much of 
the game by man, was compensated by their having become adapted to a 
predominantly human diet, thus increasing the chances for the spread of sleep- 
ing sickness among the population. Having been led to this point of view by 
my field observations in Liberia, I was interested to find that E. Zumpt (1937) 
reached somewhat similar conclusions in the plantation district of Mount 
Cameroon. 

Although Liberia has a sizable bird fauna, it is doubtful whether it con- 
tributes materially to the blood diet of the tsetses.*^ Most birds are small 
and, moreover, do not allow themselves to be bitten. In addition, many of 
them live in the canopy of the trees, normally out of reach of the tsetses, which 
do not travel as a rule more than ten to fifteen feet from the ground. Even the 
ground birds of the forest, such as francolins and guinea-fowls, and the waders 
and ducks along the river banks are probably bitten very rarely in nature, ns 
they are too close-feathered. 

Amphibians and smaller reptiles are probably never bitten by tsetses. It is 
well known, however, that some species of Glossina, readily attack the larger 
reptiles, particularly those living in or near water. Crocodiles and tree moni- 
tors (Varanus) are known to be great favorites with G. palpalis, the blood of 
these reptiles being sometimes its main food, whenever available (W. F. -Fiske, 
1920, pp. 376—378 and 390—4:09). G. palpalis is also knovm to feed on various 

1= Two important hosts of G. palpalis in other parts of Africa, the true hippopotamus 
and the situtunga antelope, do not occur in Liberia. 

IS G. M. Allen lists 281 species and races of birds from Liberia in R. P. Strong’s book 
(vol. 2, Chapter XXXIV, pp. 636-748). 
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snakes and on tortoises. It can evidently thrive and reproduce on reptilian 
blood alone, a factor to consider in any attempt at controlling this fly. How- 
ever, there is no proof at present that any of the reptiles can function as reser- 
voirs for human trypanosomes. 

Some twenty years ago, the only domestic animals of Liberia were a few 
sheep or goats kept by the natives of the hinterland and some pigs occasionally 
raised in the Libero-American settlements, in addition to manj'’ small dogs. 
Sometimes a horse or a head of cattle was imported from French Guinea by 
some wandering Mandingo. More recently cattle appear to be on the increase 
in the Western ProAonce, particularly among the Kissi and Gbandi, where one 
may find sometimes as many as a dozen animals in one rtllage. It is not clear, 
however, what use is made of them nor how they have raised the economic 
standards of the community. In an5'^ case they are important as an additional 
suppty of food for the tsetses, cattle being particularly attractive to Glossina 
fusca. At Degei, on January 14, 36 G. fiisca were captured in the center of the 
^^IIage, away from any cover and about half a mile from water, while feeding 
on two cows. As the cattle are allowed to roam freely in the emdrons of the 
villages during the day, some of the tsetses they attract may follow the animals 
when they are herded back in the evening. If G. palpalis infected with Try- 
panomna gamhiense were thus carried into the tonms, the keeping of cattle might 
contribute to the further spread of human trypanosomiasis, -even though the 
animals themselves were not serving as reservoirs of the disease. 

The role of wild and domestic vertebrates as natural reservoirs of Trypano- 
soma gamhiense in Liberia has never been investigated. It is knovm, however, 
that some of these animals are important in this respect elsewhere in tropical 
Africa. Any serious attempt at prevention or control of the disease ndll there- 
fore have to consider this problem in the future. 

The foregoing considerations seem to point to man as one of the main, if not 
frequently the chief source of food for tsetses in Liberia under present con- 
ditions. In many sections, he offers a supply of blood more widely distributed, 
more abundant and more readily accessible than any wild or domestic verte- 
brate now living there. Both the density of the population and the customs of 
the people are important in this respect. These factors regulate the opportuni- 
ties of the flies biting humans, hence of their becoming infected with trypano- 
somes and of their reinfecting healthy individuals. As no census has ever been 
made, not even of the Americo-Liberians, the total population can only be esti- 
mated by noting the distance between the ■vdllages or towms and the number of 
huts in each of them.''* As stated by Dr. Veatch, in the Western Province (and 
m general in Liberia) the population is greatest in the coastal area and along the 
French border, w^hile relatively few people live in the intervening districts. Dr 

" Sir Harry Johnston estimated the indigenous population at 2,000,000, no doubt an 
exaggerated figure, hly ovm observations in the Western Province and Dr. Veatch’s 
surveys suggest that about 800,000 to 900,000 people live in the entire Republic. From all 
accounts, the population is sparser in the Central and Eastern Provdnees than in the West- 
ern Proxdnce. 
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Vcatch estimates that the northwestern corner of tlie Republic is inhabited by 
about 85,000 persons of the Gbandi (23,000), Kissi (20,000) and Buzzi (42,000) 
tribes, in an area of some 3,800 square miles (approximately 23 persons per 
square mile). The country between the Loffa, St. l^aul and St. John’s Rivers, 
winch I have traversed along the main trails on two occasions (192G and 1914), 
is more sparsely settled. Here the villages arc far apart and consist of only a 
dozen huts on the average. In 1944, moreover, the population seemed to have 
decreased since my first visit, IS j'cars earlier. Some villages were clearly 
decaying, to judge from the many abandoned huts; although, so far as I could 
discover, the natives had not moved away to new town-sites. Tvlost probably 
the decrease in the population of this area is more apparent than real, being 
influenced by the recruiting of native labor for the Firestone Plantations Com- 
pany. 

It may be of interest, particularly for the possibilities of sleeping sickness 
control, to consider briefly various types of occupational exposure to the bite of, 
Glossina ‘palpalis, the sole knovTi vector of the disease in Liberia, present where- 
ever indigenous cases have been discovered. It is the only species of Glossina 
kno'wn in the northwestern corner, beyond the forest belt (north of Kolahun), 
where the Kissi tribe shows at present a relatively high incidence of trypano- 
somiasis (rate of infection about 2.5 per cent, according to Dr. Veatch). Here 
this tsetse is restricted to the fringing forests along the rivers. 

River travel is practically non-existent in Liberia, except on short stretches 
of some of the larger rivers in the coastal plain. This eliminates a source of 
infection which plays an important r61e in the epidemiology of the disease in 
other African territcries, particularly in the Congo Basin. 

In most parts of Africa, fishermen arc more continuously exposed to tsetses 
than persons of any other occupation, hence often show a higher rate of infec- 
tion. This factor again does not seem to have the same importance in Liberia. 
Professional fishermen are generally found on the coast only, where they engage 
in sea-fishing. Inland fishing appears to be carried on in desultory fashion, 
often only during the few w'eeks when the rivers are low. Under such conditions 
the hazard of contracting sleeping sickness from this source is probabl}' not very 
great to the population as a whole. Hunting also is done by relatively few 
persons and, although occasionally river banks may be selected for the pur- 
pose, it more often mil lead away from the -water and from the haunts of G. pal- 
palis. 

In the hinterland of Liberia, the villages and towns are generally situated on 
high ground, often on a hilltop, surrounded by an extensive cleared area. They 
are therefore normally free of G. palpalis, except for stray specimens following 
people along the trails or brought in by roaming cattle. Many of the farms are . 
established away from the water and, once the forest has been cut do^vn, no 
cover is left for the tsetses. Isormal native life in the tomis and on the farms 
would seemingly offer little danger of infection, were it not for the close prox- 
imity to most toAvns of a river mth densely wooded banlos. Frequent visits are 
paid to this “water side”, either for washing or bathing, or in order to obtain 
water for drinking and cooking. These spots and the many river crossings on 
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tlic trails, either by bridge, dugout canoe, or raft, are ahva 3 ’-s frequented by 
tsetses. In all probability (?. 'palpalis travels along the rivers towards such 
localities for the .specific purpo.se of feeding on man. 

Dr. A'catch rightly stresses that the stopjhng of the inter-tribal native wars 
and the development of roads and plantations produced new social and economic 
conditions which cvcntuallj'’ led to the increase of tiypanosomiasis. Until 
some 25 y'cars ago, sedentary life i>revailed among the tribes of the interior, few 
people c\'er leaving the confines of their clan or tribe. At that time trypanoso- 
miiisis appeals to have been restricted to a few endemic cases, such as those 
diagnosed bj' Dr. Thciler in October, 1926, at the village of Betala.'® Travel 
has become meanwhile a prevalent custom. It now includes, not only frequent 
movements of natives to and from market places (a common practice among the 
Kissi), but also porterage over long distances of food supplies, particulai-ly rice, 
from the interior to the coastal towns, and movements cf recruited laber to 
and from the plantations. 

Bj* tra^-elling o^*er a w‘de territoiy, the relativel}’- few cases of trypanosomia- 
sis make it possible for an ever increasing number of G. palpalis to become in- 
fected at the ri-^’cr crossings. Although a low percentage of the flies biting a 
sick person ever acquire the infection, it should be remembered that an infected 
flj* maj* live many months and that it remains infective throughout life. A 
single infective tsetse at a crossing may therefore inoculate several persons with 
the disease. If preventive measures against the spi-ead of sleeping sickness in 
Liberia were to be carried out, fly control at the river crossings along the main 
trails would be the first and most important problem to deal with. 

The Liberian Tsetse-Fljes 

The tsetse-flies, or members of the genus Glossina Westwood, are highly 
specialized blood-sucking muscoid flies. Some 21 well-defined species are 
recognized at present, wiiich have been classified into three groups here given 
subgeneric rank, following F, Zumpt’s (1936a and 1936&) example: Glossina 
proper, Nemorhina Robineau-Desvoidy, and Aiistenina Towsend.'^ 

In the com-se of my travels in Liberia in 1926 and 1943-44, I have observed 
onlj'- four species of Glossina -, but a fifth species has been recorded from a 
single Iocalit 5 ’' on the coast. The more technical characters of these five tsetses 
are given below'. Some of these characters are readily seen in the field with a 
hand lens; others need more careful studj'' in the laboratory. 

This village, also called Betandu or Vezala, is situated a short distance from the left 
bank of the St. Paul River, about 5 miles south of Paiata. Trypanosomes were demon- 
strated in five cases of human trypanosomiasis in the hinterland of Liberia by the Harvard 
Expedition of 1926 (see “The African Republic of Liberia’’, vol. 1, pp. 497-498). 

These divisions are based on rather recondite characters. To raise them to generic 
rank, as C. H. T. Townsend (1937) proposed doing, would add little to our knowledge of the 
insects and merely confuse the medical man and the veterinarian. Newstcadina Townsend 
is here regarded as not separable from Auslenina. The tsetse-flies are sometimes placed 

in a special family Glossinidae. _ tt u i -oi 

” It may be of some interest that all four species were taken in 1944 at Harbel Planta- 
tion, although they are very rare there. 
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A. Smaller species, the wing 7 to 9.5 mm. long. Cerci of male terminalia (external para- 
meres or superior claspers) connected by a thin membrane, which is deeply notched 
medially. External female terminalia of six plates; no signum internally. (Sub- 
genus Nemorhina). 

1. Third segment of antenna slender, strongly curved outward at tip, its anterior edge 

with a fringe of very long hairs (almost as long as the narrowest portion of the 
segment). Abdomen paler or darker brown, somewhat more yellowish medially 
and at the apical margins of the tergites. Antenna and most of hind tarsi yellow- 
ish or buff. G. •pallicera Bigot. 

2. Third segment relatively short and broad, the tip very little projecting outward, its 

anterior edge with very short hairs, which are often difficult to see. Abdomen 
grayish-black, with very narrow pale apical margins of the tergites and with a 
poorly defined pale median stripe which is wider anteriorly. Antenna and hind 
tarsi blackish. G. palpalis (Robineau-Desvoidy). 

B. Larger species, the wing 11 to 13.5 mm. long. Cerci of male terminalia long, entirelj' 
free. External female terminalia of five plates; usually with a signiun internally. 
(Subgenus Austenina). 

3. Palpi relatively short, not longer than the greatest nddth of the head (in front view). 

Wings pale, with the thickened portion of the anterior transverse vein pale in 
both sexes. Harpes of male terminalia narrow, with a single pair of lanceolate 
appendages, not covered basally with a spinose membrane. Signum of uterus 
cordiform. G. medicorum Austen.*® 

4. Palpi long, always exceeding the greatest width of the head (in front view). Third 

segment of antenna strongly curved outward at tip, its anterior edge with a fringe 
of very long hairs (nearly three-fourths the width of the segment). Harpes of 
male terminalia narrow, partly covered basally with a spinose membrane. Sig- 
num of uterus slightly developed. G. nigrojusca Newstead. 

5. Palpi long, always exceeding the greatest width of the head (in front view). Third 

segment of antenna moderately projecting outward at tip, its anterior edge with a 
. very short fringe of hairs. Harpes of male terminalia broad and strongly serrated 
distally, not covered basally with a spinose membrane. Signum of uterus well 
marked, with a deep V-shaped constriction at one end. G. fusca (Walker). 

There is as no evidence that any other species of Glossina occurs in Liberia. 
E. Roubaud (1922), on his map of the distribution of tsetses in West Africa, 
marlvs one locality for G. longipalpis Wiedemann at about the boundary of 
Sierra Leone and the northwestern corner of Liberia. This record was evidently 
taken from J. J. Simpson’s map (1913), which bears the mai'k for longipalpis 
at Bariwalla near Bomaru, a locality in Sierra Leone a few miles West of Vahun.^® 
G. longipalpis inhabits relatively dry areas covered wdth savanna forest. This 
type of grassland, with many trees scattered evenly in the grass and usually 
with an abundance cf game, is rather characteristic for the Sudan and occurs 
nowhere within the present boundaries of Liberia. Nevertheless it may be 
useful to describe brieflj' this tsetse for the convenience of future workers in the 
field. G. longipalpis is a relatively small species (the wing being 8.5 to 9.5 
mm. long) of the subgenus Glossina, proper. The abdomen is ochraceous- 

*' G. mcdicormn is here characterized after R. Newstead, A. M. Evans and W. H. Potts’ 
(1921) description, as I have not seen specimens. 

1 am inclined to doubt the correctness of J. J. Simpson’s record for G. longipalpis at 
Bariwalla. He docs not seem to have collected the specimen himself, as, in his narrative 
(1913, p. 175), he mentions for the region of Bomaru only G. palpalis and G. fusca. 
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jtUow w-ith dark bro\ni, irregularly interrupted cross-bands. The third seg- 
ment of the antenna is graj-ish, wth the tip moderately recurved and with the 
anterior edge bearing a fringe of moderately long hairs (longer than in G. palpalis 
but shorter than in G. palliccra). Tlie tarsi are buff colored with only the last 
two segments of all legs either entirel}’- blackish or ivith blackish tips. In the 
male teiminalia the cerci are much broadened (spoon-shaped), completely 
connected by a membrane and ending at one side in a large tooth. The external 
female terminalia arc much reduced, with three rudimentarj’^ plates only. 

The puparia of the tsetses are characterized by two conspicuous hemisphe- 
roidal lobes at the posterior end. Few other dipterous puparia have projecting 
posterior lobes and when present they are of a different shape. It is possible, 
to some extent, to idontifi” the puparia of the different species of Glossina. 
Those of four Liberian species differ as follows: 

A. Large puparia, 7 to 9 inm. long. Space between the posterior lobes very wide, seen from 

above or below as wide as the lobes, the lobes enclosing a deep cup-shaped cavity. 

1. Space between the posterior lobes shallow, broadly V-shaped seen from above or 

below, the upper inner edge of the lobes not in the least angular.^” G. nigrofusca. 

2. Space between the posterior lobes deep, shaped like a broad horseshoe seen from 

above or below, the upper inner edge of the lobes slightly angular. G. fvsea. 

B. Small puparia, 5 to 7 mm. long. Space between the posterior lobes narrowly horseshoe- 

shaped seen from above or below, much narrower than the lobes. 

3. Posterior lobes rather low, in profile broader at the base than high. G. palpalis. 

4. Posterior lobes high, in profile about as high as wide at the base. G. pallicera. 

Tiie puparium of G. mcdicorvm is as yet undescribed. 

Pre^dous to the work of the Harvard Expedition of 1926, the tsetses of Liberia 
were practically unknown, as may be seen from E. Roubaud’s map (1920 and 
1922), where the territoiy of the Republic is left nearly a blank, and from the 
few records mentioned bj’’ Newstead, Evans and Potts in 1924. In the follow- 
ing discussion I have listed all localities which have come to my notice to date 
(1945), including those based on my own collections or contributed by Dr. 
E. P. Veatch and Dr. G. W. Ha^le 3 ^ Together they now give a fair picture of 
the distribution of the tsetses in the Western Province; but we are as j'et almost 
wholly uninformed as to their occurrence in the Central and Eastern Provinces. 
It may nevertheless be surmised that the same species exist there, as environ- 
mental conditions are apparentlj’- similar throughout most of the Republic. 

With respect to their ecological requirements, particularly ^vith regard to 
vegetational cover, the several species of Glossina may be divided into three 
groups: 

I. Riverine or Riparian Species . — ^These tsetses find their optimum conditions 
' along the densely wooded shores of lakes or on the forested banks of the main 
rivers and their affluents, provided there be a fairly udde stretch of open neater. 
They are not found along the smaller forest streams which are completely en- 
closed and shaded over by the trees. In districts covered with continuous rain 

^ The puparium of G. nigrofusca is very similar to that of G. brevipalpis, as figured by 
E. E. Austen (1911, p. 30, fig. 5A) and others. 
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forest, the flies do not travel far from the watci- course into the adjoining forest 
cover, normally not over 150 to 200 yards. On the other hand, they may be 
found even in relatively narrow fringing forests in districts mainly covered with 
savanna. The adult flies require dense shade and high atmospheric moisture 
and under natural conditions (in the absence of man) feed preferabl}’- on animals 
frequenting wooded river banks (crocodiles, monitors, wild pigs, pygmy hippo- 
potamus, etc.). G. palqjalis is the only Liberian tsetse of this group. 

II. Sylvaiic Species. — ^These tsetses also prefer densely forested country of the 
tropical rain forest type, but are not restricted to the wooded banks of open 
water. The dense shade provided by closely crowded trees is essential to them, 
though they do not require at all times as much moistm'e in the air as the riverine 
species. They may therefore occur even in forested hills, far from water, and 
are often seen sunning themselves along the trails. Their source of blood is 
also more diversified. Three Libei-ian species, G. pallicera, G. fusca, and G. 
nigrofusca, belong here. Of these, G. fusca seems to require less forest cover 
than the others, as it is sometimes found feeding in villages over half a mile 
from any woody gro\\dh. 

III. Savanna Species. — These tsetses prefer grassland, usually with scattered 
trees, bushes or thickets, which provide a certain amount of light shade. They 
thrive even where the environment is very dry part of the year and are often 
associated with large herds of game which they attack even in the brightest 
sunlight. G. morsitans, G. longipalpis, G. longipcnnis (a species found in very 
dry thorn-bush country in East Africa), and G. pallidipes are typical examples. 
No species of this group is definitely known in Liberia; but G. medicorum, which 
I have not observed myself, is stated by Ingram to occur in savanna forest in 
Northern Ashanti (R. Newstead, A. M, Evans and W. H. Potts, 1924, p. 63). 

Glossina palpalis (Robineau-Desvoidy) 

As G. palpalis is the onlj^ proved carrier of human trypanosomiasis occurring 
in Liberia, this species mil be discussed at greater length than the others. It is 
one of the most widely distributed tsetses, extending throughout Tropical 
Africa from the mouth of the River Senegal to Benguella, inland to about 14° 
N. in Upper Guinea, but to only 7° to 8° N. in the eastern Sudan. The eastern 
limits are roughly the Uganda-Kenya boundary and the eastern shores of Lake 
Tanganyika. In the south it stops short of the Katanga highlands and reaches . 
about 9 to 10 S. across Angola. The area it occupies covers therefore fairly 
well the Guinean Subregion of the botanists, which is characterized by luxuriant 
evergreen tropical tree-grovi;h, either as a continuous forest belt or as fringing, 
forests along the rivers. Moreover, the G. palpalis area coincides at present 
almost exactly with the distribution of the type of human trypanosomiasis 
caused by Trypanosoma gambiense. 

In the British and French colonies adjoining Liberia the distribution and habits 
of this tsetse are well knovm. In Sierra Leone they were investigated mainly 
by J. J. Simpson (1913), W. Yorke and D. B. Blacklock (1915a and 19155h 
D. B. Blacklock (1923), J. G. H. Frew (1939), and R. M. Gordon and T. H.. 
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Davey (1930). The species was found to be ubiquitous, but always closely 
associated with dense forest groAvth along the river courses or (at the coast) 
vith mangiwe forest. J. G. H. Frew states that it usually does not follow more 
than 150 j-^ards away from water. He also notes that its density is small, except 
on some of the mangrove creeks of the southern coastal districts, where he be- 
lieves the crocodile is the preferred host. On a brief trip to the Kissi country 
of northeastern Sierra Leone, as the guests of Dr. R. D. Harding (February 8 
to 11), Dr. Veatch and I found (?. palpalis on the Keya River (a small sub- 
affluent of the Sulimah River) near the village of Balahun, as well as at the ferry 
of the Makona River a few miles north of Kailahun. On the Keya the flies 
were fairly common and aggressive where a trail crossed the river by means of a 
hanging bridge of lianas. Near this spot a number of puparia were also ob- 
tained from densely shaded, drjq loose sand, covered loosely with dry plant 
litter. 

In French Guinea and the Ivory Coast, G. palpalis was studied intensively 
by G. Bouet and E. Roubaud (1917) and E. Roubaud (1920, 1922). In the 
Ivory Coast, which is largely covered vith dense tropical rain forest, the species 
is generally distributed and its habits ai-e the same as in Liberia. In French 
Guinea, however, savanna predominates and G. palpalis is restricted here to the 
fringing forests, while its occurrence and density vary greatly vath the seasons. 
Somewhat similar conditions prevail in- a small portion of northwestern Liberia, 
south of the Makona River. 

The specific characters remain remarkably fixed throughout the vast African 
ai’ea occupied by G. palpalis. Liberian specimens seem to average smaller 
than those taken in the Belgian Congo. Othei’V’ise flies from Liberia look like 
others taken farther east. Occasionally color differences ma}"^ be noted in cer- 
tain disti'icts; but, being not clearly correlated vath the disti’ibution, they offer 
no tangible means of dividing the species into geographical races. R. New- 
stead (1910) first separated specimens from Uganda from the usual West Afri- 
can form, on the basis of some slight, though presumably constant differences 
in the external male appendages (terminalia). Later Zumpt (1935o) defined 
another form from the shores of Lake Tanganjdka on similar peculiarities. In 
his most recent work F. Zumpt (1936a, 1936b, 1940) recognizes three subspecies: 
(1) G. palpalis palpalis (or typical G. palpalis), of Upper Guinea and the coastal 
districts of Lower Guinea. (2) G. palpalis fuscipes Newstead, of the hinterland 
of French Equatorial Africa, the Belgian Congo and Uganda. (3) .(?. palpalis 
viartinii Zumpt, of the shores of Lake Tangan 3 aka and the southeastern Belgian 
Congo (mainlj’- east of the Lualaba River). The three races Rave the same 
habits and, so far as known, show no difference vith regard to their efficienc 3 '' as 
vectors of trypanosomiasis. Their distinction is consequent^ of no practical 
importance at present. Nevertheless it may be stated that, on the basis of male 
terminalia, only the typical foim of the species, G. palpalis palpalis, occurs in 
Liberia. 

E. E. Austen (1911, p. 26) called attention to the fact that the two apical 
scutellar bristles of G. palpalis are ver 3 ’' short in females from the Belgian Congo 
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and Uganda, whereas they are much longer in females from Gambia, Sierra 
Leone and Liberia. The males, however, have long apical scutellar bristles 
throughout the entire range of the species. I can confirm this observation after 
examining several hundred Congolese and Liberian flies. In females from the 
Congo the bristles are not only short, but also very thick, more like spines; in 
those from Liberia the bristles are always thin and hair-like, but they vary much 
in length, being sometimes as long as in the males. 

Previous Liberian Records. — G. palpalis was first recorded from Liberia by 
E. E. Austen (1911, p. 26), but without definite locality. E. Roubaud (1922, 
p. 725, footnote) mentions it from the vicinity of Monrovia, according to Bouet, 
and also shows it on the map as occurring in the extreme northwestern corner 
of the Republic. J. Bequaert (in R. P. Strong, 1930, vol. 2, p. 991) caught it at 
Kolobanu, Lenga To^vn, Moala, Banga, Paiata, Bakrata, Memeh Town, Reppo’s 
Town (=jReputa), Kakata, and the Du River; he stated that Bouet observed 
it on the wooded seashore at Cape Mesurado close to Monrovia. F. Zumpt 
(1935a, p. 146; 19355, p. 333; 1936a, p. 558) lists the typical form at Cape 
Mount and in the Hinterland of Liberia. 

Observations During the 194S-44 Survey. — At Harbel Plantation, G. palpalis 
is now very rare, being only seen in small numbers at a few spots along some of 
the rivers, particularly the Ba River. In the course of some six months’ stay, 
only four specimens were obtained mth the help of native boys. On March 
29, one fly was captured inside the building serving as a hospital for the Sleeping 
Sickness patients, close to Duside Hospital. This building is situated on a hill 
far from any wooded river course. On August 9, another fly was taken biting a 
native in the open yard of the house where I was staying, about a mile from 
Duside Hospital. Again there was no water nor forest cover nearby. Most 
probably in these two instances the flies had travelled in some vehicle after 
entering it at a bridge. I never saw G. palpalis during my many Avanderings 
through the rubber plantation. This type of tree-groAvth, consistently kept 
free of undergroAvth, provides no adequate cover for this species of tsetse. The 
scarcity of G. palpalis on the Du-Farmington plantations in 1944 contrasted 
sharply with their relative abundance in the same locality in 1926, when the 
plantations were begun. It demonstrates the effectiveness in tsetse control of 
organized tropical agriculture on a large scale. Considering the low normal rate 
of infectivity of G. palpalis for Trypanosoma gambiense, the few flies of this 
species present noAvadays at Harbel Plantation scarcely offer any danger to the 
native laborers and the Avhite personnel. It is nevertheless recommended to 
isolate in Avell-screened Avards all native sleeping sickness patients as soon as 
they are recognized. According to information received from Captain M. S. 
Briscoe, no G. palpalis are ever seen on Roberts Field, AA'here the right bank of 
the Farmington River is thoroughly cleared; but a feAV are occasionally taken on 
the opposite left bank, AA’-hich is as yet densely fringed AAnth trees. 

From Harbel Plantation to Bolahun, via Dobli Island and Belleyella (Janu- 
ary 8 to 23, 1944). — G. palpalis Avas observed at nearly every fair-sized river on 
this route, but never in large numbers. It Avas usually necessary to linger for 
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15 to 30 minutes at a crossing in order to see half a dozen flies. Specimens were 
caught at Dobli Island (at the two crossings of the St. Paul Eiver, seen in the 
dugout canoes used as ferries; one bit me on the anlde while waiting on the bank, 
before I noticed it), on the Garlo River (in the dugout canoe at the crossing), 
in the \dllage of Degei (one biting man at 7 A.M.), at Kmnbaeta, at BeUeyella 
(on the small river used for washing and bathing by the towns people and the 
Liberian Frontier Force), at Guawaimarma, at Bellepalamu, at Jenne (at the 
crossing of the Loffa River), and at Bauwalahun (at the crossing of the Kaia 
River, also spelled Kahar or Kiliar and called the Seribu in the lower part of its 
course). 

Kolahun District (mostly ICissi countiy; January 23 to February 22). — In 
the course of our surve 3 ’’. Dr. Veatch and I observed adult G. palpalis at Bola- 
hun (crossing of the Waow or Wah River, between the Holy Cross Mission and 
Massambolahun), between Sodu and Sardu Pascia (on the Meio or Maio River, 
an affluent of the Makona, near the village of IHesana), at Foyabudu (on the 
Senja River, an affluent of the Makona), and at the ferry crossing into French 
Guinea on the Makona River (near Ma). At each of these spots surprisingly 
few adult flies were seen, although puparia were readily found at aU of them. 
The low incidence of tsetses appears to have been seasonal, our survey being 
conducted during the diiest weeks (no rain at all fell during that period). After 
mj'" departure from this area, conditions seem to have changed vdth the onset of 
the rains. Dr. Veatch ’s trained native assistant obtained many more flies on 
the Kaia and Waow Rivers during September, October and November, when the 
rains were verj’- hea\’y; at the same tune puparia could no longer be obtained. 
As noted before, the northern portion of the IQssi country is mostly high-grass 
savanna. G. palpalis is only present here at the rivers, the wooded banks of 
which have nowhere been cleared, not even at the ferr}"- leading into French 
Guinea, which is frequented daily bj'’ travelling natives. 

Southward from Bolahun to Kaflahun (Februaiy 15 to 19).-’ — The route 
followed the general course of the Kaia River, which was crossed near Bauwala- 
hun and at Bondualahun. Adult G. palpalis were observed at both points 
One was taken biting a native on the porch of a house in the village of Bonduala 
hun, onl}'’ a few j^ards from the uncleared banks of the Kaia. Specimens 
were also seen on the Wahwah River at Kailahun. During his earlier survej'' 
(1941-1943) Dr. Veatch obtained G. palpalis at Vahun, a frontier station close 
to Sierra Leone, west of Kailahun. 

Bolahun to Zorzor, via Vonjama and Pandamai (Gbandi and Buzzi countrj^; 
February 22 to March 12). — ^This tour was made jointlj’" noth Dr. Veatch. Our 
route was at first northeastward to the ferrj’' into French Guinea, on the Makona 
River near Nyandamolahun. This was found heavilj'’ infected with G. palpalis 
and some were also taken cn a small affluent near the tovni, the Gnilia (or Ilia) 
River. No flies were seen east from there to Vonjama, the trail being mostly 

The Liberian village of Kailahun should not be confused with Kailahun in Sierra 
Leone, the headquarters of the British District Commissioner for the northeastern section 
of that Colony. 
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through second-gl•o^^i;h forest and part of the way a broad and graded road. 
From Vonjama we proceeded southward to Pandamai, then eastward to Zigida, 
and again southward to Zorzor. Some of this area is heavily wooded and very 
suitable to G. palpaUs, which was observed at every important river crossing: at 
Daugomai on the Loffa River; at Nikabuzu on the Lawah River; and at Zigida 
on the Wejah River. In addition some flies, which evidently had followed the 
natives from the river banks, were captured in the villages of Lormai, Daugomai 
and Bokesa. 

Zorzor to Harbel Plantation (hlarch 13 to 20). — iVfter leaving Dr. Veatch at 
Zorzor, I returned to the coast by the shortest route. Travel was too rapid for 
detailed entomological studies. G. palpalis was observed at Bosaghi (crossing 
of the Yeh River), at Taninewa (crossing at the Selej’’eh River), at Paiata (cross- 
ing of the St. Paul River), at Betalu (or Betandu, where a specimen was caught 
in the village; this is of special interest, as some of the first Libei-ian cases of 
trypanosomiasis were detected here in 1926), and at Sanoyea (Sanoghie of some 
maps). 

Ganta country. — ^Information about this area was obtained from Dr. G. W. 
Harley. Great numbers of G. palpalis were brought to him by the natives and 
the species appears to be common and sometimes even abundant on most of the 
rivers. This section is entirely within the rain forest zone; but, as it is densely 
populated, large stretches are now second-grovdh woods. 

To sum up: in the hinterland of the Western Province, from the Boundary to 
some 40 miles from the Coast, all fair-sized rivers have their densely wooded 
banks infested \vith G. palpalis. The flies are a potential menace as vectors of 
hrunan trypanosomiasis on the trails at all river crossings, no attempt at pro- 
tective clearing have ever been made at any of them. The problem is still 
■ further complicated by that of the breeding places, wliich vill be discussed later 
“in this report. 


Glossina palUccra Bigot 

G. pallicera occurs in the West African forest of Upper and Lower Guinea, 
from Sierra Leone to the French Congo, but in the southern part of its range it is 
found only in the coastal area.-- It is strictly a tsetse of the continuous belt of 
rain forest (or “high bush”) and is absent from the fringing foi’ests of the rivers 
in savanna counti’y. This explains why it is fairly common in the Ivory Coast 
and Liberia, but not known from French Guinea and extremely rare in Sierra 
Leone. J. J. Simpson (1913, p. 187) states that he saw it only from a single 
locality in Sierra Leone, which he does not name nor mark on his map; while 
E. E. Austen (1911, p. 137) and Newstead, Evans and Potts (1924, p. 162) 
mention the locality Firo (near the right bank of the lower Mano River, a few 

« G. pallicera has been reported from the Belgian Congo, but I am inclined to doubt 
its occurrence there. R. Newstead, A. M. Evans and W. H. Potts (1924, p. 143) state that 
the 3 specimens they saw from that colony had a short fringe of hairs on the third antennal 
segment, whereas in typical pallicera this fringe is very long. They nevertheless referred 
these Congo flies to pallicera, because of the identity of the genital terminalia. 
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miles from Liberian territory). J. G. H. Frew (1929) obtained a single specimen 
in southwestern Koinadugu. On the other hand, the species is common in the 
southern forested part of the Ivory Coast, as shoAvn on E. Eoubaud’s map (1920, 
1922) and by E. Newstead, A. M. Evans and W. H. Potts’ records (1924). 
The species was fii-st described from Assinie on the Ivory Coast. 

Previous Siberian Records. — ^E. E. Austen (1911, p. 37) listed specimens col- 
lected in 1909 by A. Pearse at Tappoima, Suji and Bonnatown, all in the West- 
ern Province, near the left bank of the lower Mano Eiver. E. Eoubaud (1922, 
p. 725, footnote) stated that Dr. Bouet found G. pallicera near Mom-ovia. E. 
Newstead, A. j\I. Evans and W. H. Potts (1924, p. 162) repeated the locality 
Tappoima. J. Bequaert (1930, in E. P. Strong, et al., vol. 2, p. 992) collected 
it at Betala, Eeppo’s Town (=Eeputa), Banga, Kakata, and Bomboma (near 
Moala); he also stated, that Dr. Bouet took it at the Mt. Barclay Plantation. 

Observatio7is During the 1943-1944 Survey. — ^At Harbel Plantation a male of 
G. pallicera was captured on July 16 biting a native at 9 A.M., near the entrance 
to Duside Hospital. This was the only specimen of the species seen in this 
locality duriug several months’ stay. In most of the hinterland of Liberia, G. 
pallicera is widespread and moderately common, as shown by the follomng 
records. On the trail from Dobli Island to Bolahun: Zowolata, in primary 
rain forest, January 12, several biting the hammock carriers, from noon to 3 
P.M.; Konikanga near Degei, biting people about 9 A.M., January 13; near 
MoylakweUe, January 15, about 9 A.M., biting me on the cliin without my being 
aw'are of it; Guaw'armarma; Jenne, wiiere a large proportion of some 700 puparia 
obtained on the banks of the Loffa hatched G. pallicera-, Gondalahun. In the 
region of Bolahun this species is very rare, only a few being bred from some 5000 
puparia collected for us on the Kaia Eiver. During the survey of the Kissi 
country’-, north of Bolahun, none w'ere seen. The species was again taken on 
March 14 betw'een Sala^’^ea and Bosaghi (south of Zorzor). In 1941-1943, Dr. 
Veatch caught some specimens tow’ard the northern edge of the Gola Forest, at 
Vahun and Gelahun. 

My observations show that in Liberia G. pallicera is always associated mth 
primary rain forest (or “high bush”), over Avhich it seems to travel considerably. 
It is usualb’" found far from w^ater along the trails, where it attacks people very 
readil}’’, in my experience alwaj'-s during the daytime. Here also it may be 
observed playing and resting on the groimd or on low vegetation in full sunshine. 

I have never taken it at river crossings or on the banks of water courses, although 
the females evidently migrate to the rivers to larviposit, as shown in the sequel. 

Glossina fusca (Walker) 

G. fusca is one of the few" larger species of tsetses \videly distributed through- 
out the tropical African forest belt. It is, however, primarily a fly of continu- 
ous rain forest and is onlj" found in the fringing woods of the savanna rivers 
when these are fairly extensive. It occurs from Casamance across Sierra 
Leone, Liberia, Ivory Coast, Gold Coast, Dahomey, Nigeria, Cameroon, French 
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Congo and Belgian Congo, to the Cuanza River in Angola. Eastward it reaches 
the extreme western edge of Uganda in the Semliki Forest and on Lake Edward.*^ 
J. J. Simpson (1912, p. 188) ^vrites that G. fusca “favors dense vegetation 
and a moderately moist climate, and is to be found in Sierra Leone in the regions 
of densest forest gro^vth; in fact, as the map will indicate, the delimitation of 
the forests is at the same time a delimitation of the areas where G. ^usca occurs.” 
He records many localities, mostly in the southern half of the Colony. J. G. 
H. Frew (1929) made similar observations. He mentions taking it in a village 
Rt night, when there was no considerable area of forest within at least a mile, 
so that its range of flight must be fairly large. He also states that it bites man 
more readily than G. 'palpalis, but is more easily caught. The Sierra Leone 
natives associate its occurrence mth that of elephant, bush-cow and domestic 
cattle. R. Newstead, A. M. Evans and W. H. Potts (1924, p. 90) state that it 
is -widely distributed in Sierra Leone. It is unkno-wn from the hinterland of 
French Guinea, north of Liberia. In the Ivory Coast it is, however, a common 
species, as sho-wn on E. Roubaud’s map (1920, 1922) and by R. Newstead, A. 
M. Evans and W. H. Potts’ (1924, p. 90) records. 

Previous Liberian Records. — E, E. Austen (1911, p. 72) reported specimens 
taken by A. Pearse in 1909 at Boje, Dombolo (male taken on an elephant). 
Da, on road between Heye and Gondo, near Bukei, and at Simbek (one male 
caught buzzing around a candle at 8.30 P.M.); all localities in the Western 
Province near the Sierra Leone border. According to E. Roubaud (1922, p. 
725, footnote). Dr. Bouet caught it in the vicinity of Monrovia.-^ J. Bequaert 
(1930, in R. P. Strong, et al, vol. 2, p. 993) observed it at Banga, Kolobanu, 
Reppo’s Town (=Reputa), Suah Koko, Bakrata, and Paiata. F. Zumpt 
(1936b, p. 332) saAV it from the hinterland of Liberia. 

Observations during the 194S-1944- Survey. — G. fusca seems to have sur\dved 
in the few remaining patches of “high bush” in and near Harbel Plantation. On 
August 8 a female was taken biting a native on the leg at 6 P.M., in a'wcrkers’ 
camp close to Duside Hospital. Captain M. S. Briscoe also caught a specimen 
in December, 1943, in a forest patch close to Roberts Field. In the Liberian 
hinterland it is evidentl}’’ a common fly, as shown by the following recorded 
captures. 

From Harbel Plantation to Bolahun. — G. fusca was observed almost daily: 
biting one of the hammock carriers near the -village of Ngiblai, about 2 P.M., 
Januaiy 9 (between Lakrata and Dobli Island); ferry of Dobli Island on the St. 
Paul River; several biting man on the trail through primary forest on the right 
bank of the St. Paul, from 9 A.M. to 3 P.M., particularly near Vanyata and 
Zowolata; common, biting cattle in the village of Degei, throughout the day, 

” The supposed occurrence of G. fusca in Kenya and Tanganyika Territory was based 
on misidentifications (see Swynnerton, 1936, p. 173). 

=' The marks for G. fusca, apparently placed within Northwestern Liberia on Roubaud’s 
map, arc due to an erroneous tracing of the boundary in that section. They were evidently 
based on J. J. Simpson’s Sierra Leone records. 
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January 14; near ICumbactR, in primarj" forest; near Belleyella, where puparia 
were obtained (sec below); Fasima; Guawarmarma; and Bellepalamu. 

Region of Bolaluin. — A few specimens were taken by Dr. Veatch in the ^dcin- 
ity of Bolahun (mostly on tlie Kaia River), but the species is rare in this area. 
It was not olrscrved at all by Dr. Vcatch and myself farther north during our 
survey tour of the Kissi country. In 1941-1943, Dr. Veatch caught some G. 
fusca at ^^alum and Gelahun, to the southwest of Bolahun, near the northern 
edge of the Gola Forc.st. 

Bolahun to Zorzor and southward to Harbcl Plantation. — G. /usca appeared 
as soon as exten-sive wooded areas were entered: Vasala; Lormai; Pandamai; 
between Salayca and Bosaghi; and near S.anoj'ea. 

In Liberia G. fusca has much the same habits as in other parts of Africa. My 
observations show that, while it is a decidedl}’’ S3'lvatic species, it may travel 
and feed for some time in the open, awaj' from woodj’ cover, for instance in 
native villages. It is b.v no means rare in lightlj' shaded second-groudh forest, 
.although it probably’ does not breed there. It readil.v attacks man and appears 
to be more aggressive than G. palpalis, but this may be due not so much to its 
being more attracted b.v man, but rather to its larger size making it more con- 
spicuous. It is certainl.v a bolder fij', which will flj' dircctlj’’ to the neck or arms, 
whereas G. palpalis prcfci’S to move cautioush' toward the ankles or legs. Sev- 
eral observers have emphasized its nocturnal or crepuscular habits, but my own 
observations do not bear this out for Liberia. Ml mj* captures were made in 
broad dajdight, some even at noon, in everv case while attempting to bite. 

Glossiua iiigrojusca Newstead 

G. nigrofusca is restricted to a rather small area in Upper (or Northern) 
Guinea, from Sierra Leone to British Cameroon.-® In Sierra Leone it is ex- 
treme!}' rare, being known onl}’’ from one locality, Baima (or Baiiama, near 
Pendembu, the terminus of the Sierra Leone Government Railway, some 15 
miles west of the Liberian border), as shown on J. J. Simpson’s (1913) map 
and recorded by R. Newstead, A. M. Evans and W. H. Potts (1924, p. 97). 
It is unknowTX from French Guinea and occurs in the Ivoiy Coast only in a few 
localities south of 6° N., according to E. Roubaud’s map (1920, 1922) and R. 
Newstead, A. M. Evans and W. H. Potts’ records (1924, p. 97). 

Previous Liberian Records. — J. Bequaert (1930, in R. P. Strong et al., vol. 2, 
p. 994) collected in 1926 one specimen at Lenga Tov-n (now within Harbel 
Plantation) and another at Memeh Town (or Memeta, on the road from Kakata 
to Gbanga). 

Observations During the 194S-1944 Survey . — ^Adult G. nigrofusca "were very 
rarely observed. During the entire time spent in Liberia, I caught only one 
specimen, stiangely enough at Harbel Plantation. This ^vas a male which 

There is only one record of G. nigrofusca from the Belgian Congo, based on an old 
specimen supposedly token in 1904. I am inclined to regard it as unreliable and most 
probably due to an error in labelling. 
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was biting a native on the leg at 11 A.M,, in full sunlight along an open road 
through a patch of light second-growth woods. The patch was surrounded by 
planted rubber and was a considerable distance from water. In addition the 
presence of this species on the Makona River (near Nyandemolahxm), on the 
Loffa River (at Jenne), on the Kaya River (near Bolahun), and on the Lawah 
River (near Nikabuzu) was established by finding puparia from which a number 
of adults were bred. 

The habits and ecological requirements of G. nigrofusca are as yet little known, 
apart from the facts that the adult fly inhabits only rain forest and fringing woods 
and that it will occasionally bite man. W. A. Young (1927), in the Gold Coast, 
and F. Zumpt (1937), in British Cameroon, recorded it as biting at night. The 
few adults I caught in Liberia were attacking man in broad daylight, toward 
noon. It is, however, possible that the normal crepuscular or nocturnal habits 
explain why so few of them were seen on my two trips. In the succeeding chap- 
ter on the breeding places, I contribute some notes on the puparia of this tsetse. 

Glossina medicorum Austen 

This species is mentioned only for the sake of completeness, as I have never 
observed it. It was originally described from one male and one female taken by 
Dr. A. McCloy, November 27, 1908, on the Sanguin River (E. E. Austen, 1911, 
p. 100). There is no other Liberian record. It has since been recorded from 
the lower Ivory Coast (E. Roubaud, 1920 and 1922; R. Newstead, A. M. Evans 
and W. H. Potts, 1924, p. 62), the Gold Coast, Dahomey, southern Nigeria and 
Prince’s Island. It is unknown from Sierra Leone and French Guinea. Pos- 
sibly it is a species of the coastal savanna forest in the Central and Eastern 
Provinces of Liberia. A. W. J. Pomeroy (1929) found the puparia in associa- 
tion with those of G. palpalis in the fringing forests of the Volta River in the 
Gol,d Coast. 


Tsetse Breeding Grounds in Liberia 

The species of Glossina are so-called pupiparous flies, owing to their unusual 
mode of reproduction, which they share only vdth a few other Diptera (Hippo- 
boscidae, Streblidae and Nycteribiidae). The egg hatches inside the abdomen 
of the female fly, where it develops further in the enlarged uterus, being fed by 
special nursing gland^s. When full-grown, the last instar larva is voided by 
the female. It takes no further nourishment, though able to move sufficiently 
to bury itself in the loose material on which it is laid. Within 2 or 3 hours its 
skin hardens into a puparium, in which it transforms into the true pupa, pro- 
ducing the adult fly two or three weeks later. Only one larva develops at a 
tune in the female, so that reproduction is very slow. It is therefore essential 
for the sur^dval of the species? that the gravid females larviposit in an environ- 
ment suitable to further development through the pupal stage.^® 

« Some sticklers for formal exactitude have criticised the term “pupiparous” when 
applied to insects voiding full-grown larvae which pupate soon after being laid. I fail to 
see any serious objection to the term, since these voided larvae are potential puparia. To 
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The ph 3 ’'siologicaI requirements of the puparia var 3 '^ somewhat ■wdth the species 
of tsetse, though seemingly not as much as those of the adults. In Liberia, for 
instance, I have found puparia of three species, G. palpalis, G. pallicera and G. 
nigrofxtsca, together under what appeared to be identical conditions. The 
puparia of the fourth species, G. fusca, were however never observed with, the 
others. A detailed account of m 3 '- findings in 1944 follows. As tsetse-fly 
puparia are umnistakable, much information was gathered by inducing natives 
to search for them for a small reward, after first showing some specimens as well 
as the sites where they were most likely to be found. 

1. The first puparia (2 alive and 1 empty) of G. palpalis were seen on January 
13 on the. banks of the Garlo River (beyond Zowolata), a small affluent on the 
right bank of the St. Paul. The crossing was by dugout canoe, the river being 
some 250 3 '-ards \vide, with a fairly broad stretch of open water between the sandy 
and densely wooded banks. The ptiparia were found in dry, loose sand, in deep 
shade, near overhanging roots of trees, the sand being scarcely covered with any 
litter. The sand was loose and dry enough for ant-lion larvae to burrow then' 
funnel-shaped pits. Adult G. palpalis were also attempting to bite at this 
crossing. 

2. At Belleyella, most of January 17 was spent looking for puparia of G. 
fusca, as the adults of this species seemed to be fairly common in this area. 
Although about a dozen natives helped in the search, only one breeding ground 
was located. This was in primar 3 '- rain forest on high ground, some 2 miles from 
the to\vn, and about a mile from the nearest water. A fallen tree on the side 
of the trail had pulled out its entire root system vith the surrounding loam, thus 
forming a miniature cave sheltering some dr 3 ’^ and rather loose soil. In this, 
one hour’s search produced 10 large tsetse puparia, only one of which had not 
hatched. No adult fl 3 ’- was bred from this lot; but the characters of the puparia 
were those of G. fusca and separated them easily from those of G. nigrofusca, 
the onl 3 ’- other large tsetse known from that section. 

3. January 21 was devoted to a search for puparia on the banks of the Loffa 
River at Jenne. They were found -without trouble in several scattered patches 
of loose, dry, moderately coarse sand on the rocky wooded shore. All patches 
were densely shaded by high trees as well as by low bushes, and usually covered 
■with a light layer of dr 3 '^ leaves or litter. The puparia were at a depth of one- 
half to one and a half inch. The sand was so loose and dr 3 ’- that it passed easily 
through a sieve. A few adult G. palpalis, but no other species, were attempting 
to bite at the breeding places. One of the puparia had been voided shortly 
before, as it was 3 ’-et soft and of an orange-reddish color. At the few spots 
which I investigated myself, about a dozen puparia per square foot was the - 
largest number taken. In the course of the da 3 ’- (in about 10 hours) a total of 
695 small and 15 large puparia were obtained, mostly b 3 ’- natives. The smaller 

call the tsetses merely “larviparous” is, moreover, misleading, as it fails to distinguish 
their beha-vdor from that of the many other “larviparous” Diptera voiding larvae in the 
early stages (usually the first instar), which feed, grow and moult outside the bodj' of the 
female. Nevertheless, I am using the verb “larviposit”, which is well established in 
English entomological literature and involves no misunderstanding. 
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puparia later produced mostly G. pallicera and relatively few G. palpalis, while 
the larger ones only gave G. nigrofusca. 

4. On January 22, at a small forest stream in primary forest, about a mile 
north of Jenne, 2 puparia of G. palpalis were found in a small, shaded, flat bank 
of loose sand, covered with dry leaves. In a similar location at another, larger 
forest stream, some four miles farther north, 18 'puparia of both G. palpalis and 
G. palUcera were secured. 

5. On January 23, at the crossing of the Kaia River, near Bauwolahun, 4 
puparia of G. palpalis were obtained within a few minutes in a spot similar to 
the breeding places of the Loffa. During the succeeding weeks of our stay in 
the Bolahim region our native carriers and some of the boys of the neighboring 
to\vns brought us daily a fair number of puparia. From January 6 to February 
13 a total of 4,942 puparia were obtained in this way, most of them hatching 
later into G. palpalis, a few into G. pallicera. There were also a few large 
puparia of G. nigrofusca. As the collecting was sporadic and no reliable record 
of the number of native collectors was kept, it is not possible to estimate the 
average number of puparia per day and per person. The first day, January 26, 
five boys, presumably working for about 4 hours at the Kaia River, brought 
back only 31 puparia. This may have been due to lack of training, as later 
(February 4) some 30 boys obtained 427 puparia on the same river in about 5 
hours. It would seem that the wooded river banks of the Bolahun area provide, 
during January and February, breeding grounds as productive of G. palpalis 
puparia as any kno^vn elsewhere in tropical Africa. In Uganda, for instance, 
Damba Island in Lake Victoria, which supplied some 2,000 or 3,000 puparia 
monthly, was regarded by W. F. Fiske (1913, p. 102) as a very favorable breed- 
ing ground. The puparia from the Kaia River were bred in the hope of obtain- 
ing parasitic insects; but the incidence of parasitism was extremely low, not 
more than half a dozen G. palpalis puparia producing a minute chalcid parasite. 
This parasite was identified by Mr. A. B. Gahan, of the Bureau of Entomology 
and Plant Quarantine, U. S. Department of Agriculture, as Syntomosphyrum 
glossinae Waterston. It is a member of the family Eulophidae and has been 
bred from the puparia of several species of Glossina in different sections of 
Africa; but always with a very low incidence of parasitism. 

6. On January 31, at the crossing of the Meio River (between Sodu and Sardu 
Pascia), a stream some 25 yards wide, with densely forested banks, 5 natives 
found 14 puparia of G. palpalis (2 hatched) inside 5 minutes, in a patch of rather 
coarse, but dry and well-shaded, bare sand, at the time some 4 to 5 feet above 
water level. Some adults were bred from this lot. 

7. On February 2, a search in a fringing forest at the small Senja stream, 2 
miles north of Foyabudu, produced within a few minutes 18 G. palpalis puparia 
in the dry sand of the bank. One of them hatched the same day 

8. On the border of French Guinea, the Mao or Makona, a river some 500 
yards vide, runs mostly between steep shores, densely clothed with a narrow 
fringe of small trees and bushes. The banks are generally hard or covered with 
dried mud in which no puparia could be found. Nevertheless, on February 2, 
near the town of Maa, G natives found within an hour 47 puparia in a few patches 
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of loose sand , lightly covered with dry leaves. All were of G. palpalis ; 2 hatched 
the same daj’’ and some later. 

9. On February 15, at the forested crossing of the Kaia River near Bonduala- 
hun, 8 puparia of G. palpalis were found in patches of dry sand, adults of this 
species being fairly common also. 

10. On February 23, at the Gnilia (or Ilia) River, a forest stream close to the 
\dllage of Nj’-andemolahun, 5 G. palpalis puparia were found by natives in pockets 
of loose sand. 

11. On February 24, at the ferry of the Makona River into French Guinea, a 
few miles from Nyandemolahun, more puparia of G. palpalis were found than 
at any otlier breeding place in Liberia; some 350 being brought in by about a 
dozen men searching for 3 to 4 hours. One large puparium of G. nigroftcsca 
was also taken. 

12. On March 6, on the banks of the Lawah River at Nikabuzu, 163 puparia 
of G. palpalis, G. pallicera and G. nigrojusca were obtained from densely shaded 
sandy patches. 

The dates given above are of importance. They show that all findings were 
made during the driest season of the 3 '’ear, when the rainfall was practically nil 
and the streams and rivers were at their lowest level. (See the account of the 
climate.) After leaving me at Zorzor, Dr. Veatch returned to Bolahun and in 
the succeeding months made further obsen’^ations on the tsetse breeding grounds 
in that \dcinity. A specially trained native assistant, who had become very 
skillful in the search for puparia, was dispatched every Saturday to the banks 
of the Kaia and Waow Rivers, beginning in April and continuing into November. 
At first, when the rains were light, a fair number of puparia could be obtained, 
seemingly not below the average found bj’’ one person during January-February 
in the same locality: 65 on April 15; 70 on April 22; 45 on April 29; 105 on May 
6 ; 40 on hlay 13 ; and 64 on May 20. Toward the end of Maj’' and during June, 
with the rains increasing, the numbers fell rapidty: 10 on May 29; 0 on June 3; 
0 on June 10; 5 on June 17 ; and 2 on June 24. In July and August the rains had 
flooded the river banks and no puparia could be found. In September there 
w'as a short twm weeks’ dry spell during which a few puparia were again obtained : 
5 on September 9; 0 on September 16; and 4 on September 23. Y&ry heavy 
rains set in now’^ and lasted throughout October and November, a most careful 
search disclosing no more puparia. As the number of puparia declined with the 
progress of the w'et season, it was noted that adult flies became more numerous 
at the river banks. 

In the foregoing paragraphs I have described only the localities which have 
actuall}’' 3 ’ielded tsetse puparia. It should be emphasized, however, that in 
addition a most thorough and continued search in other locations was unsuccess- 
ful. Throughout the journey in the hinterland some 25 to 40 natives, in our 
employ as carriers, -were specialty instmcted to search the floor of the forests 
and fields for small terrestrial moUusks. The 3 '- were also urged to bring in any 
puparia of flies, a special reward being offered for these. Almost daity some 
dipterous puparia w'ere brought in; but, outside those taken at the breeding 
grounds described above, none 'were of tsetse-flies. I made many similar col- 
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lections myself, in every conceivable environment, always with negative re- 
sults. 

Breeding Requirements of G. palpalis .^’’ — ^As G. palpalis is the only known 
vector of human trypanosomiasis in Liberia, its specific breeding requirements 
are most important to us. Our observations show that in the hinterland the 
puparia of this tsetse are found exclusively in what may be called “classical 
breeding places”, that is, under conditions where they are known to occur in 
most other parts of tropical Africa (notably in Uganda and the Belgian Congo). 
The breeding grounds are all located along the river banks and exliibit three main 
characteristics. (1) Dense shade at all hours of the day, combined with proper 
ventilation, shelters the puparia against excessive heat. This is usually pro- 
vided by plant growth some two or three feet above the surface of the soil. 
(2) Dry, loose, but rather coarse sand allows the newly voided larva to burrow 
easily to the proper depth (one-half to one and a half inches) and protects the 
pupal ium effectively against parasites and predators, as well as against moulds 
and mechanical disturbance. (3) Close proximity to permanent water, usually 
only a few feet awa}^ insures a constant high atmospheric humidity. A com- 
bination of these special requirements prevails only in certain rather limited 
patches of the river banks, at what W. F. Fiske (1913, p. 104) proposed calling 
“favorable breeding grounds”. Here the puparia have the best chances of 
hatching into adult flies. The gravid female alone selects these most suitable 
sites. The r61e of the larva in reproduction is almost purely passive: it imbibes 
the secretions by the nursing glands in the body of the mother fly and, after 
being voided, burrows to the proper depth wherever it is dropped. In Liberia, 
favorable breeding grounds are more in the nature of “loci”, being small in 
extent and widely scattered.^* Most of the river bank is either of too hard 
material, or too near the water level, hence too moist, or exposed to the direct 
rays of the sun part of the day. Moreover, conditions change continually with 
the seasons. These circumstances make the location of a good breeding site by 
the gravid fly far from easy. In addition, fiequent blood meals are essential 
for continued reproduction. Often no or few breeding sites are available at or 
close to the feeding grounds, particularly at the river crossings where, as I 
suggested, the Liberian tsetses find perhaps their most ready diet on the natives. 

A proper blood diet might be unobtainable near the best breeding sites. It is • 
evident that female G. palpalis must do a great deal of travelling along the river 
banks and cover much longer distances than the males, which usually stay close 
to the feeding sites, once they have discovered them. Here the males have 
every opportunity to mate, since the female must eventually visit the same 
feeding grounds. 

Some of our observations suggest that in Liberia the reproductive activities 

The literature of this topic is extensive. A digest of observations prior to 1929 was 
published by E. Hegh (1929, pp. 485-536). For later information, consult the Review of 
Applied Entomology. 

=8 There is nothing comparable in Liberia to the extensive “fly beaches”, sometimes 600 
to 1,000 yards or more in length, found in Uganda on the shores of Lake Victoria (W. F. 
Fiske, 1920, p. 419). 
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of G. palpalis (and possibly of the other species of tsetses as well) may be strong!}’’ 
influenced by the seasons. Possibly they are carried on with success mainly, 
if not exclusively, during the driest months, when enough favorable breeding 
sites are available. We have seen that at that time many puparia can be found 
without much trouble. On the other hand, during the hea’v’}’’ rains, from July 
to November, the river banks are completely flooded, all low areas are water- 
logged and even the forest floor on high ground is soaked. No puparia, or ver}’’ 
few, are to be foimd then. A gravid female must then often be unable to locate 
a site answering the requirements which I have mentioned in the preceding 
paragraph. Possibly the reproductive activity is slowed dovui, or the females 
forsake the search for proper sites and larviposit undei adverse conditions, most 
of the resulting puparia going to naught. This may explain perhaps why more 
adult flies are noticed during the wettest months, particularly at the river 
crossings, where they bite people, the gravid females no longer wandering away 
from the feeding grounds. In addition, the adult fly population is at its peak, 
following the many successful hatchings of the preceding drier months; while 
it will be at its lowest during the dry season, if few puparia were able to hatch 
during the foregoing wet months. Increased humidity and reduced sunshine 
also induce the flies to travel farther away from the river banks during the hea^’y 
rains, thus bringing them closer to the natives, particularly where the villages 
are near the water.^® As the chances of spreading human sleeping sickness 
increase with the number of tsetses attacking people, the danger of infection 
may be greater during the wettest part of the year. 

It should be noted, however, that while the fluctuation in level of the rivers 
restrains or stops breeding during the wettest months, it is not wholly detrimen- 
tal to the tsetses. If the river level remained constant, the sandy breeding loci 
would eventually be covered with massed herbaceous growth or wth a thick 
accumulation of plant litter Either condition would render these spots un- 
suitable for larviposition. The periodic flooding of the banks prevents this and 
renovates the breeding grounds for the next season of low waters. 

It is known that in the marginal areas of its range or where it attempts to 
survive under unsatisfactoiy conditions, G. palpalis sometimes uses unusual 
breeding places, which may be even several miles away from wafer, at least 
during the dry season. It is doubtful whether this is ever necessar}' in Liberia. 
It is nevertheless conceivable, though as yet not observed, that in the coastal 
area, close to the mangrove swamps, this tsetse may occasionally larriposit in 
the loose soil close to the base of oil palms {Elacis gitincensis) which have not 
been stripped of their lower petioles. Puparia commonly occur in such sifes 
in Sierra Leone, on the Cape Lighthouse Peninsula near Freetown (\Y. Yorkc 
and B. Blacklock, 1915o). 

Breeding Reqtiircmenis of G. palliccra. — The breeding grounds of thi.s tsetse 
appear to have been unknown thus far. My findings .show that the pup.aria 
have the same ecological requirements as those of G. palpalis, since both .‘^pccics 
were taken in large numbers together. As the adults of palliccra are not norm- 

** On AuRUSt 13, 102G, during (he wet reason, I observed eevcral G. palpalis Idling j)'’opIe 
in a thatched shed or “palaver house”, at I.K?nga Town, which wc were using as a camp. 
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ally found biting near the river banks, wliere the breeding sites are located, but 
throughout the rain forest, even sometimes several miles from water, the gravid 
females must travel over greater distances than those of palpalis. In these 
peregrinations the flies probably follow the trails, either cut by man or made 
by big animals, particularly elephants. 

Breeding Requirements of G. fusca. — ^The puparia of G. fusca were observed 
by A. G. Bagshawe in Uganda, by M. Zupitza in (ex-German) Togo, and by J. 
Schwetz in the Belgian Congo (see E. Hegh, 1929, pp, C22-G29). Schwetz’ 
observations are particularly instructive, as he found 205 empty and 9 live 
puparia at a single site. This was in a very dense forest thicket, in light dry 
sou, beneath a layer of dead leaves, twigs and humus, at the base of the roots 
of a large fallen tree as well as under the tree trunk itself. It Avill be seen that 
the ecological requirements of this site were similar to those of the breeding 
ground I found in the primary rain forest at Belleyella, on January 17. It 
was a mere accident that the particular fallen tree I investigated was close to a 
trail. The sites are no doubt widely scattered in the forest and owing to the 
difficult terrain are not easy to locate. 

■ Breeding Requirements of G. nigrofusca. — So far as I could trace, puparia of 
this tsetse had not been found previously in nature. In Liberia I obtained them 
in four localities, always associated with those of G. palpalis and in two cases 
also with those of G. pallicera (at Jenne and Nilcabuzu) The breeding grounds 
have therefore the ecological characteristics I described for those of G. palpalis. 

Liberi.\n Tsetses and Human Disease: Possibilities of Control 

Four species of tsetses (genus Glossina) are at present the only insects defin- 
itely known as biological vectors of the tAvo recognized types of African human 
tiypanosomiasis (African sleeping sickness). There is every reason to believe 
that the eradication of these four species in Africa would end the disease. Gam- 
bian sleeping sickness, caused by Trypanosoma gambiense, is the most Avide- 
spread type and is transmitted mainly by Glossina palpalis, sometimes also by 
G. tachinoides. Rhodesian sleeping sickness, due to Trypanosoma rhodesiense, 
is restricted to parts of East Central Africa, Avhere it is transmitted by G. morsi- 
tdns and G. swynnertoni.'^'- 

Only the Gambiau type of the disease occurs in the Republic of Liberia and 
its sole recognized vector there is Glossina palpalis. Efforts at controlling the 
disease through vector control should be directed against this tsetse only, and' 

20 During a brief -visit to Sierra Leone, Dr. Veatch, Dr. Harding and I collected 5 large 
tsetse puparia from a sandy site which also yielded a few puparia of G. palpalis. This 
site, on the densely forested banks of the Keya River near Balahun (between Kailahun 
and Bwedu), was similar to those I have described from Liberia. None of these large 
puparia hatched; but they were morphologically like those of Jenne from which G. nigro- 
fusca was bred and I regard them as of that species. 

21 Other species of Glossina have sometimes been incriminated or suspected at least as 
potential vectors of the human disease, on epidemiological grounds. These claims are not 
at present supported by conclusive experiments. Other blood-sucking Diptera are claimed 
by some observers to act as mechanical vectors in certain areas, usually because of the al- 
leged absence or the scarcity of tsetses. Again there is at present no conclusive e'vidence 
in support of this view. 
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it is the only species considered in the following discussion. Some of the other 
Liberian species, as well as G. palpalis, are no doubt potential vectors of animal 
tiypanosomiasis; but as animal husbandi^’- is as yet of no economic importance 
in Liberia, they may be neglected for the present. It is of the utmost importance 
in tsetse control work to realize that each of the several species of Glossinahas its 
oym ecological requirements, which I have attempted to bring out in the fore- 
going pages for the Liberian species. Control measures which have proved 
practical against the East African savanna species, may therefore well prove 
failures if applied against the riverine G. palpalis in the West African rain forest. 

A further resen'-ation should be made. It is now, I believe, generally recog- 
nized that any attempts at improving the PubUc Health of a population as a 
whole is primarilj'’ an economic problem . Certain methods of controlling human 
sleeping sickness have been successful in parts of Africa with a dense population 
and a well-organized economy, particularly where they were backed by the 
finances of a European government. It does by no means follow that the same 
measures could be applied in a sparsely settled country relying wholly on its 
own meagre resources. For this reason, I shall discuss the various methods of 
control directed against G. palpalis particularly from the point of view of Liber- 
ian copditions.®- 

Tsetse-flies are an instructive example of the risks attending extreme special- 
ization. Their life economy is an intricate complex of physiological require- 
ments which can vary only -within narrow limits if the species is to sur^ive. 
The equilibrium is so delicate that even a relativelj’’ slight change in the en-^iron- 
ment might upset it. It is my belief that the normal activities of mankind, in 
his urge at exploiting the natural resources of tropical Africa, are on the whole 
inimical to these insects, even if no specific measures were directed against them. 
In support of tliis -view, I may cite the elimination within less than a century’- of 
G. morsitans from a large section of South Africa, presumabl}’’ coincidental with 
the disappearance of the tremendous herds of game which formerly roamed over 
this territoiy; the similar fate of G. morsitans in certain areas of southern Ka- 
tanga, where I found it very abundant in 1910-1912, but where it could no longer 
be detected in 1934; and the present (1944) scarcity or near-absence of G. pal- 
palis at Harbel Plantation, where this tsetse was a common pest in 1920. Tlie 
long-range possibility of eventually eliminating tsetse-borne diseases from at 
least important sections of Africa, appears rather promising. 

As W. F. Fiske (1920) first stated clearly, two main factors regulate the spread 
of human tr^-panosomiasis in its entomological aspect. The first is the local 
density of G. palpalis, Avhich depends upon three requisites: the amount of 
suitablcfood (vertebrate blood), the amount of adequate shelter, and theamount. 
of favorable breeding grounds. The second is the contact between fly and 
population, that is the frequency of hungrj' tsetses feeding on man. In any 

1 do not consider in iny di.‘;cussion methods of control h.T,r''d prim.irily on mcdic.il 
aspects of the problem, such .ns the complete severance of contact bet-iveen the icrUfes nnd 
the natives by remov.nl of the poi>ulation, or the stcrilirinf; of the blood of disrate carriers. 
Most of these methods seem nnsuited to Liberian conditions. 
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area in which cases of trypanosomiasis exist or are introduced, tlie more flies 
bite the largest number of people, the greater will be the increase in the incidence 
of the disease. In this connection the fly’s host preferences, which I discussed 
before, are of primary importance. I suggested the possibility of man, rather 
than wild vertebrates, now being the main supply of food for G. palpalis, at 
least in the more densely settled sections of Liberia and along the main trails. 

Direct Attack Upon G. palpalis, in the Adult or Pupal State. — The most 
obvious method of attack, which has given spectacular results in recent years 
when used against other blood-sucking insect vectors, is the use of powerful 
insecticides, such as DDT (or gesarol) or pyrethrum and rotenone preparations. 
Unfortunately the feeding habits and preferred shelter of G. palpalis make this 
tsetse difficult to reach with such chemicals. The adult fly feeds in the open 
and does not attempt to enter walled dwellings. Only a few flies bite an indi- 
vidual at any one time and it would scarcely be feasible to cover the exposed 
skin of all natives travelling abroad with sufficient insecticide. As for spraying 
the forest cover of the flies, either by ground crews or from the air, the expense 
and labor involved would be prohibitive in Liberia, even if one were certain that 
the dense foliage would not effectively protect the flies. Spraying of the breed- 
ing grounds would seem to offer somewhat better possibilities, since they at 
least can be definitely located by finding the puparia. It would be, however, 
an undertaking of some magnitude, not merely because of the very many rela- 
tively small loci scattered along the numerous rivers in difficult forest country, 
but more so because of the need of using sufficient material to penetrate the su- 
perficial litter and some one to two inches of dirt or sand in which the puparia 
rest. As shown before, adult female G. palpalis live on the average three to 
•four months, during which time they travel to and from the breeding grounds. 
A newly laid larva hatches in about 2 to 3 weeks. It would therefore be neces- 
sary to repeat the spraying of the breeding grounds at least every fortnight over 
several months. Moreover, the method could hope to succeed permanently 
only if no breeding grounds were missed. Insecticide spraying against tsetses 
has, so far as I know, not been attempted anywhere in tropical Africa and might 
well be worth experimenting with, particularly in the marginal areas of G. 
palpalis. 

Destruction of adult tsetses by hand catching and trapping is often advocated. 
It seems to have been particularly successful against certain savanna tsetses 
under special environmental conditions. Its value against G. palpalis in the 
West African rain forest is rather dubious. In Liberia hand catching by natives 
would have to be stimulated by some bounty, and it is doubtful whether such a 
system could reduce the fly population sufficiently to have an effect upon the 
rate of infection with human trypanosomiasis. The results of trapping G. 
palpalis are much disputed and most workers who attempted it have felt that 
it could not eradicate this species. L. Van Hoof, C. Henrard and E. Peel 
(1938) concluded from their experiments in the Belgian Congo that properly 
trained fly boys could catch more flies in the same time than the traps, which, 
moreover, required a large and competent personnel. Destruction by tangle- 
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foot or other tiTies of glue are handicapped by the failure of G. palpalis to settle 
commonly on the back of people where the sticky surface must of necessity be 
carried. 

Attempts to attract the gra\dd female to artificial breeding sites, where the 
puparia would be concentrated and then regularly destroyed, were carried on 
wth some success in Uganda by G. D. H. Carpenter (1923). The method calls 
for a trained personnel and constant supervision and is scarcely suitable to 
Liberian conditions. E. Hegh (1930) discusses various other suggestions for 
the control of the puparia. 

Ecological Co7i(rol. — In Anew of the difficulties of controlling G. palpalis in 
Liberia by directly attacking either the adult or the puparium, ecological meth- 
ods are most likelj' to jdeld results commensurate with the effort. Such meth- 
ods aim at modifjdng the environment so as to make it unsuitable to the insect. 
Adult G. palpalis require a peculiar type of cover (well-shaded massive under- 
grovdh in the woody fringes of rivers, with an open stretch of water between 
the banks) and a readily accessible supply of the proper blood diet (in Liberia 
primarily crocodiles and monitors and, in their absence, man). The puparia of 
this tsetse on the other, hand need a special tjqie of breeding grounds (loose, 
dry, well-shaded sand or dirt, close to, but beyond the reach of permanent 
water). 

Selective clearing is the most practical way of altering the environment so as 
to render it unfit to the adult and the puparium. Removal of the woody cover 
from the banks, to a depth of at most a quarter mile from the water’s edge, will 
effectively clear the river of G. palpalis. Obviously, this cannot be carried out 
over the entire infected course of all the rivers in the continuous rain forest area 
which covers the major part of Liberia. Clearirig should here be limited to the 
vicinity of river crossings (bridges, fords, and ferries), beginning vnth those on 
the main trails which are used daily by natives travelling over long distances. 
The destruction of the bushes and low trees should be complete, although the 
very large trees may be left standing. The cleared ground should be kept free 
of new woody growth, the best procedure for lasting results being to plant some 
low-growing crop, such as sweet potatoes or peanuts on higher ground, or 
swamp rice in the lower-lying spots. The clearing should extend on both banks 
over at least a quarter mile and preferably over a half mile above and below the 
crossing. It is the clearing of the river banks which has freed much of Harbel 
Plantation of G. palpalis. If it were completed on the few remaining wooded 
stretches of the Farmington and Du Rivers and their affluents, the tsetse would 
be completely eliminated from this locality. 

In the rather small area covered with savanna in northwestern Liberia, it 
might be possible without too much effort to eradicate G. palpalis. In this 
section the forest fringes of the rivers, haunted by the flies and sheltering the 
breeding places, are comparatively narrow, often only a few hundred j’-ards 
wide. They could be readily cut down by sections, first close to the river cross- 
ings and eventually over the whole length of the rivers. As this is a region 
of relatively dense population, but nith a rather high infection rate, I suggest 
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that, if preventive control measures were to be undertaken in Liberia, they 
should be attempted first in this area. 

Although G. palpalis has many predatory enemies and several parasites, it 
is extremely doubtful whether any of these destructors could be put to practical 
use. W. F. Fiske (1920, p. 436) pointed out that they are manifestly unable to 
prevent the tsetses from suiwiving in numbers sufficient for disease transmission, 
in areas where the other ecological conditions are favorable to both the adult 
fly and the puparium. As these other conditions also protect the tsetse against 
the destructors, it would seem more effective to make the environment itself 
unsuitable to the insect. 

Individual Protection. — While the usual protective clothing recommended 
against blood-sucking Diptera in the tropics may be of some help, it should be 
noted that tsetse-flies readily bite even through relatively thick woven material. 

A muslin headgear worn over the face and neck is not of particular value against ’ 
G. palpalis, as this tsetse prefers to attack the lower extremities (ankles and in- 
side the trouser legs). If a headgear be used, the part before the face should be 
of a black material, which color impairs vision much less than white. Leggings 
are a good protection, particularly while crossing rivers or travelling in canoes. 

Various repellents have been tried against tsetses, particularly against the 
species attacking domestic animals, but none were found satisfactory. H. E. 
Hornby and M. H. French (1943), after experimenting with a variety of sub- 
stances, concluded that only pyrethrum or preparations of pyrethrin gave any 
promise of practical efficacy. Even for these, however, it is far from certain 
that an infected tsetse may not probe the skin and inject infective trypanosomes 
before it is poisoned or paralyzed by the repellent. J. R. Holden and G. M. 
Findlay (1944), in the Gold Coast, tried a repellent consisting of pyrethrum in 
a vanishing-cream base, against Glossina palpalis. In the laboratory they 
found that, if given a choice, the flies failed to bite on the arm treated mth the 
cream, though they bit on the untreated arm. In nature it was observed that 
about the same number of palpalis settled on anointed natives as on the un- 
anomted. controls; but the ointment prevents biting up to at least six hours after 
the application, provided no sweating occurs. The repellent action was, how- 
ever, estroyed rapidly^ by profuse sweating, particularly in association ivith 

closure to the sun, which makes it of relatively little practical use under most 
circumstances. 

Tsetse-Flies and Air Transport.-Fisherman Lake in Liberia is at present the 
chief terminal for airplane travel between Africa and Brazil. The transat- 
lantic flights are by hydroplanes which stop and take off on the waters of the 
Lake about half a mile from the shore, where accomodations for resident officials 
and transients are available near a small airfield. Originally the tidal waters of 
the Lake were fringed with mangrove swamp. This has been cleared away 
at the J^rfield landing place, but the clearing should be extended much farther 
to be effective against G. palpalis (at least a mile in each direction from the 
landmg pier). That tsetses board transatlantic planes in this locality is proved 
by their bemg found at Natal on two occasions in 1941 and 1942 after disin- 
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sectization (F. L. Soper and D. B. Wilson, 1943, pp. 139 and 228). E^’^en less- 
clearing of the mangrove has been carried on near the landing place of the planes 
in the lagoon of IMonrovia. The large airfield near Harbel Plantation, now 
operated bj' the U. S. Army, is so completelj’’ cleared that no G. palpalis is 
likel}' to board a plane there. As pointed out by F. L. Soper and D. B. Wilson 
(1943), the problem of preventing the transport of disease vectors by air travel 
is a most serious one. In the case of tsetse-flies it is impossible to predict 
Avhether or not these insects could successfully spread in the New World, where 
they do not live at present. If thej’’ became established, however, they would 
sooner or later become the vectors not onl}’' of human, but also of animal types 
of trypanosomiasis. The economic danger of their importation is perhaps 
greater than that to public health. If it ivere found that the airports of Liberia 
cannot be adequatelj’' protected against tsetse-flies, it might be inser for the 
Brazilian authorities to forbid all air travel between the two countries. 
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PART III 


THE TREATMENT OF AFRICAN SLEEPING SICKNESS WITH TWO 
NEW TRIVALENT ARSENICAL PREPARATIONS (MELARSEN 

OXIDE AND 70A)2-3.4 

By David Weinman, M.D.^ ‘ 

Iotroduchon 

The treatment of African trypanosomiasis has not been bettered in some years. 
The therapy remains what it has been, chief reliance being placed on tryparsa- 
mide and on Bayer 205 (= germanin = antrypol = naphuride). These com- 
pounds, remarkably effective as they are, do have certain defects, and to sub- 
stitute for them improved chemotherapeutic agents would constitute a decided 
advance. 

The improvements to be sought are: lowered toxicity, a higher degree of effec- 
tiveness, a vdder range of action to include infections with T. rhodesiense, 
greater ease of administration and reduced time of treatment. 

The two trivalent arsenical compounds reported on herein have, in experi- 
mental animal trj^ianosomiasis, distinctly higher chemotherapeutic indices 
than tryparsamide. It remained to be seen whether this suggestion of increased 
effectiveness would prove to apply to human infections also. 

General Procedure, Selection of Patients, Nature of the Disease, Etc. 

These studies were made in collaboration with Dr. Karl Franz at the Hospital 
of the Firestone Plantations Company, Harbel, Liberia.® The patients were 
all native laborei’^ on the plantation, or members of their families. 

As the accompan 3 ’ing map shows, cases of trypanosomiasis treated at the 
hospital were, for the most part, not of local origin, but came from different parts 
of Liberia where presumably the disease is established and the patients con- 
tracted their infection. On the Harbel plantation it may be considered that 
transmission does not take place and accordingly that in our results no heed need 
be paid to the possibility of reinfection of our patients. 

4 In collaboration with Karl Franz, M.D. 

- From the Department of Comparative Pathologj' and Tropical Medicine, Harvard 
Schools of Medicine and Public Health, Boston, Massachusetts. 

* Publication No. 3 of the Harvard Liberian Expedition under the joint auspices of Har- 
vard University and The American Foundation for Tropical Medicine, Inc. 

* A preliminary report was read November 25, 1944, before the American Society of 
Tropical Medicine, and appeared in The iVmerican Journal of Tropical Medicine, 1945, 
26, 343-344. 

‘ Hospital space and laboratory facilities were very kindly made available through the 
courtesy of: Mr. Byron H. Larabee, Vice-President, Firestone Plantations Companj’’, Mr. 
Ross E. Wilson, General Manager, Firestone Plantations, Harbel, and Dr. James L. 
Doenges, Chief Surgeon, Firestone Plantations Hospital, Harbel. 
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This conclusion is based upon two obsomitions. First of all, as Dr, Bequaert 
points out in bis report, the incidence of fselse-flicH on the Ilarbcl plantation is 
extremeh’- low and despite search only seven si)f;cinienK were taken, of which 
foul veie Glossuin pnlpnlis. Since, under the most favorable laboratory con- 



ditions, when all flies are fed on infective blond nniir k 

become capable of transmitting the infection fSl if P^^cent at a maximum 

with the evidence to suppose that no transmit- ’ ? agreement 

during the period of our observations. In accoldanr? plantation 

rdance wth this view is the fact 




TREATMENT OF AFRICAN SLEEPING SICKNESS 


97 


that there has never been a case of sleeping sickness in the imported non- African 
staff during their residence on the plantation.® 

Suspects were selected because of enlarged cervical lymph nodes or suggestive 
complaints, particularlj'- somnolence or insomnia. These suspects were sent to 
the hospital where a lymph node puncture was performed and a thick drop of 
the blood made and stained. If either of these was positive or if there were 
any signs or symptoms of central nervous system involvement, a lumbar pxmc- 
ture was made and in the spinal fluid the cells were counted and the centrifuged 
sediment examined for trypanosomes. Thus, all positive cases had a spinal 
fluid examination before treatment was instituted. 

Patients were hospitalized during treatment, and examined and interrogated 
for evidence of toxdc reactions. The weight was carefully watched. Blood and 
urine examinations were routinely performed for evidence of hematopoietic or 
renal damage. At the end of treatment the blood was re-examined for try- 
panosomes, also the lymph nodes if puncturable. A second lumbar puncture 
was performed on all patients vdth abnormal spinal fluids. When discharged 
all patients were instructed to return at monthly intervals for re-examination 
and a monetar}’’ inducement offered to make their return more probable. 

In general, the patients were undeiweight, undernourished, and probably 
suffered from various dietary deficiencies, notably a lack of protein. In addi- 
tion, almost all suffered from some disease other than sleeping sickness: yaws 
was reported to be almost universal, some had schistosomiasis, and many a 
chronic piTiriginous dermatitis (? sarcoptic craw-craw) . In general, they seemed 
poor physical risks and this influenced our decision to use small intravenous 
doses of Melarsen oxide in this first trial in human beings. 

As to the nature of the disease in Liberia, it appears to be of a mild type, 
responding well to moderate doses of tiyparsamide (10 to 16-18 grams) and no 
“arsenic-resistant” cases had been encountered at the Plantation hospital in 
years for which data was available.^ In this connection, it may be pointed out 
that sj'^stematic treatment of trypanosomiasis is of relatively recent date in 
Liberia, probably within the last fifteen years (10), and certainly not longer 
than twenty years, when the first proved cases were described by Dr. Max 
Theiler of the 1926 Harvard Expedition (13).' 

Melarsen Oxtde® 

Chemistry and Physics 

Melarsen oxide is a white ciystalline substance containing 22.8% arsenic in 
the trivalent form. It is very slightly soluble in cold water and soluble to about 

® A personal communication from Dr. J. L. Doenges, formerb’- Chief Surgeon, Firestone 
Plantations Hospital, Harbel, Liberia, states: “During the two years that I have been 
here no member of the resident white staff has been found to have contracted sleeping 
sickness. Furthermore, there is no record in the hospital files of a case of sleeping sickness 
in a white man residing on the Harbel plantation.” 

^ Personal communication from Dr. Franz. 

® The Melarsen oxide for clinical study was very kindb' furnished by Parke, Davis and 
Companj'. 



98 


BAVID WEINMAN 


1.0% in boiling water. In propylene glycol, 5% solutions may be obtained and 
advantage is taken of this fact to obtain injectable preparations, solution 
first being obtained in puj-e propylene glycol to which distilled water may subse- 
quently be added (1, 2). 

The structural formula is: 

AsO *2112 0 

A 

U 

NH 

I 

C 

\ 

N N 

I II 

NHi— C C— NHo 

\ / 

N 

It is referred to as 2-(4'-arsenosoanilino)-4,6-diamino-s-triazine dihydrate, 
also as p-(2,4-Diamino-s-triazinyl-6)-aminophenyl arsine oxide. The em- 
pirical formula is CgHsAsNeO -21120 (1, 2, 6). 

Melarsen and its oxide are compounds synthesized by E. A. H. Friedheim 
in an effort to develop potent trypanocidal agents of reduced toxicity for the 
central nervous system, particularly the optic nerve. Clinical trials of Melar- 
sen with the designation 4289 or “acide triazine-arsinique” were distinctly 
favorable (8). 

The oxide is closely allied to the pentavalent Melarsen from which it is pre- 
pared by the reduction of the arsenic present as arsonic acid in Melarsen to 
the corresponding arsine oxide derivative. 

The oxide is stable; no deterioration of the solid chemical was noted in two and 
a half years of observation, and the solutions may be expected to be stable for 
at least four to five years at tropical temperatures. It is not stable at autoclave 
temperature and sterile solutions are obtained by filtration (1). 


Pharmacology 

Curative Effect .- — This was tested in rats against Trypanosoma equiperdum 
infections. The average single intravenous minimal curative dose (M.C..D.) 
is 0.50 milligrams per kilogram. This is defined as the minimal dose which, 
in heavily infected rats, causes disappearance of the trypanosomes during an 
observation period of 4 weeks. The LD50 dose being 17.5 mg./kg the cura- 
. , LD50 . 

tive index ^ ^ is 35 which compares very favorably with the curative index 

of 4 for tryparsamide under the same conditions. A minimal therapeutic dose 
(M.Th.D.) had a temporarj’- effect mth as little as 0.10 mg./kg. The thera- 
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peutic index (Th.I.) is the ratio 


LD50 

M.Th.D 


and for Melarsen oxide is 175 whereas 


for tiypaisamide it is 20 (2, 9). 

A comparison of Melarsen oxide and trjqiarsamide is given in Table I. 

Different annuals show some variations in regard to the intravenous dose of 
Melarsen oxide causing toxic reactions. In rabbits the LD50 is about 12 mg./ 
kg.; whereas dogs do not survive with 4 mg./kg. but do withstand 2.0 mg./kg. 
All rats survnve a dose of 7.5 mg./kg. given intravenously or subcutaneously. 
The corresponding LD50 doses are 17..5 and 39.5 mg./kg. (9). 

Orally, IMelarsen oxide is absorbed from the gastro-intestinal tract. The 
oral minimal curatiA'e dose against T. cquiperdum infections in rats is 7.5 mg./kg. 
or l/93rd of the dose which 100% of rats withstand, since they all survive 700 
mg./kg. The LD50 is 950 mg./kg. All mice survive 0.75 mg./mouse (approx- 
imately 37.5 mg./kg.), the LD50 is about 53.5 mg./kg.® Rabbits withstand 
relativelv large doses, 4 out of 5 survnved 100 mg./kg. and 3 out of 5, 150mg./ 
kg. (9). ■ 


TABLE I 

Com-parison of Melarsen oxide and Tryparsamide 
Single intravenous doses expressed in milligrams of drug per kilogram of weight; 
' Trypanosoma egitiperdum infection in rats 



LDSO 

M.TH.D. 

M.C.D. 

TH.I. 

C.I. 

iMelarsen oxide 

17.5 

0.10 

.0.50 

mSM 

35 

Trj'parsamide 

4000 

200 

1000 

■■ 

4* 


* Dr. Louise Pearce states that C.I. of tryparsamide is 3 (II). 


Chronic oral toxicity has been studied in dogs. There was some initial weight 
loss in many cases, the weight later becoming stabilized or increasing. With 
doses of 3 to 10 mg./kg. to total 64 doses in 72 days occasional vomiting oc- 
curred in the first 10 days. No other untoward reactions were observed. 

Higher doses were followed by more frequent vomiting. Dogs receiving 20 
mg./kg. for 60 doses in 80 days showed slight anemia. With a dose of 30 mg./kg. 
daily, although no acute reaction took place, the dogs lost considerable weight, 
developed ulcerative stomatitis and death occurred after 38 doses in 60 days (9). 

Distribution in tissues . — ^A concentration in the brain of 4.9 micrograms of 
arsenic/100 gm. of brain tissue (= 0.214 mg. of Melarsen oxide/kg.) was re- 
corded for a dog which had received 0.25 mg./kg. intravenously daily for 21 
doses in 29 days. The blood concentration at the time was only one-third as 
much. Concentrations in the heart and muscle were about the same as in the 
brain, they were 5 to 10 times greater in the spleen and liver and 30 times as 
much in the kidneys (9). 

® Calculated on a basis of 20 gm. per mouse. 
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Posology 

As we have stated previously our patients were in poor physical condition, 
underweight, apparently suffering from malnutrition as well as from various 
illnesses other than trypanosomiasis. 

This influenced our choice in dosage, ’primum non nocere seeming a particu- 
larly valid principle in the first trial of a new drug on human beings. Ac- 
cordingly, the minimal therapeutic dose of 0.10 mg./kg. was chosen for intra- 
venous therapy. This dose is l/175th of the LD50 for rats, 1/lOOth of that at 
which 90% of rats survive and l/75th of the dose giving 100% sur\dval. It is to 
be remarked here and will be emphasized later that this dose may be considerably 
lower than an equally safe dose gmng maximal effect. 


TABLE II 

Toxicity Table (in Mg. of Drug per Kg. of Weight (9)) 



INTRAVENOUS 

ORAL 


Animal 

100% survive 

LD50 

1 100% survive 

LD50 

Acute (single 

Rat 

7.5 mg. 

17.5 mg. 


950 mg. 

doses) 

Rabbit 

6.0 mg. 

12.0 mg. 


160 mg. 


Dog 

2.0 mg. 

3.0 mg. 


— 


Mouse 

7.5 mg. 

^ 17.5 mg. 


53.5'mg. 

Chronic (re- 

Dog 

0.5 mg./kg. 

— 

20 mg./kg. for 60 

30 mg./kg. for 

peated doses) 

1 

daily for 21 


doses in 80 days 

38 doses in 60 



doses in 29 



days 



days 


60 mg./kg. forS 






doses in 10 

— 





days* 



Rabbit 



3.0 mg./kg. for 9 

6.5 mg./kg. for 





doses in 3 days 

9 doses in 13 





i 

days 


* Vomiting occurred 1 to 4 hours after treatment. The amount of drug retained is 
questionable. 


The dose chosen (0.10 mg./kg.) was given daily for 7 injections as the rule; 
this schedule being adopted in order to determine whether tvith Melarsen oxide 
it would be possible to complete the therapy in one week. The drug was pro- 
vided in sterile ampoules dissolved in propylene glycol, the concentration being 
such that the amount injected was less than 0.30 cc. The oral dose adopted 
was 3.0 mg./kg. This was given for 5 to 8 days. Three of these patients were 
then given a course of intravenous Melarsen oxide as described above. For 
oral use the drug was provided in gelatine capsules. 

A total of 18 patients were made available for this treatment. Three of these 
received both oral and intravenous therapy. After termination of the course 
of treatment the patients were followed as long as possible. Unfortunately, 
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intellectual persuasion, gratuitous therapy, free board and lodging and cash 
rewards induced only a limited number to return for re-examination. 

Oral Administration of Melarsen Oxide 

Administered in gelatine capsules, the compound was given at a dose of 3.0 
mg./kg. daily for a period of 5 to 8 days for a single course. No toxic reactions 
were noted; the weight remained stable or increased. The maximal dose given 
was 1440 mg. in 8 days. 

1) N on-neurological cases. — ^Four patients were found to have trypanosomes 
in the blood or lymph nodes, but not in the spinal fluid which contained a normal 
amount of cells. After treatment all patients were negative. One was seen at 
60 days; his blood and lymph nodes were negative; he did not return at a later 
date for a spinal tap. The 3 others were seen 7 months, 8 months and one year 
after treatment. The spinal fluids were normal, blood and lymph nodes showed 
no trypanosomes. 

2) Neurological cases. — Eight cases showed from 65 to 1200 cells in the spinal 
fluid, which in four instances also contained tr3’’panosomes SLx also had posi- 
tive blood or Ijrmph nodes. Two cases had received prior treatment with 70A 
(P-(CH2)3 COOH phenyl arsenoxide). 

The dose given was the same, 3.0 mg./kg. for 5 to 8 days. There was imme- 
diate benefit apparent at the end of the course in 6 of the 8 cases as adjudged by 
the fall in the cell count and disappearance of trypanosomes from the spiaal 
fluid. The 2 resistant cases showed an equally favorable response after a sec- 
ond oral course. 

Four of these patients were in the group 250 cells or more. These had an 
average of 603 cells which was reduced to 210 after the first course and to 105 
cells after the second course. The other 4 had, from 65-148 cells with an aver- 
age of 108. These were reduced to 42 after the first course. Prior treatment 
with 70A did not seem to exert any adverse effect. 

Of the 4 more advanced cases {i.e. 250 cells or more), 2 maintained their 
improvement as long as they were followed, 2 others relapsed. These last had 
each been given a first course lasting 7 days and a second one of 5 days’ duration. 
One was subsequently given a course of intravenous Melarsen oxide without 
benefit. Both were ultimately given 18 gms. of tryparsamide (the usual total 
dose in Liberia) which reduced the cell count to the neighborhood of or below 
that attained by Melarsen oxide; it is not yet knovm whether this improvement 
was maintained. 

Intravenous Melarsen Oxide 

The drug was given intravenously to 9 patients at a dose of 0.10 mg./kg. for 
7 doses on consecutive days. The highest total dose given was 46.2 mg. in 7 
days. One patient left the hospital without authorization after 3 doses. An- 
other received 9 doses in aU, but a pneumonia which developed after the second 
injection caused an interruption of treatment for 2 weeks, foUowing which 7 
consecutive daily doses were given. 
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1) Non-neurological coses.—This group comprised 5 patients. At the end of 
the period of intravenous treatment, blood and lymph node examinations of all 
were negative. Lilceivise, 3 of these patients re-examined at 30, 30 and 60 days 
were also negative. This group did not cooperate by returning for repeated re- 
examinations, possibly because they did not feel indisposed. However, these 
data may be completed by reference to the similar group treated with oral 
Melarsen oxide and where no relapses were noted in periods running over 6 
months (vide supra). 

2) Neurological cases. — These comprised 4 patients, 3 of whom had received 
prior treatment with arsenical compounds. Of these 3 one was distinctly 
benefitted — the cell count falling from 110 to 9 where it remained one month 
after cessation of treatment. Of the other 2 previously treated patients one 
advanced case showed a relapse rvith an increase in cells 35 days after treatment; 
the other was not aided. The fourth case left the hospital without authoriza- 
tion after three injections. 


Clinical Response 

In general, there was an improvement in the patients which paralleled the 
objective findings. Headaches, body aches and pains and somnolence usually 
disappeared or were markedly diminished, whereas characteristic signs of the 
cerebral form did not respond so readily. Tremors, ankle clonus, hyperactive 
reflexes and Romberg’s sign were usually diminished and sometimes, but by no 
means always, disappeared completely. 

Toxicity 

Melarsen oxide was remarkably well tolerated and at the doses given no toxic 
reactions were noted. A few patients passed urine containing small amounts 
of protein but this did not increase with continuation of the drug. There was 
no loss of appetite nor loss of weight following oral therapy. Red cell totals 
did not vary appreciably from the pre-treatment levels. There were no visual 
disturbances in any of our patients. Ho Henriieimer type reactions occurred 
in any of our cerebral cases. 

Summary and Discussion of Results with ' Melarsen Oxide 

It seems clear that in Melarsen oxide we have a trivalent arsenical compound 
which is active in the cerebral stage as well as the earlier stages of African try- 
panosomiasis due to T. gambiense. 

The doses employed seem adequate for the treatment of non-neurological 
cases. All such patients, 9 in number, became negative at the end of treatment, 
whether treated intravenously or orally. In no case was there a relapse. In 
3 of these patients the cerebrospinal fluid was examined 6 months to one year 
after the end of treatment and was found to be normal. 

The neurological cases were more difficult to treat as the universal experience 
of others had led us to anticipate. We used the same doses as for the early 
stages and observed immediate amelioration in all 9 cases, apparent cures in 2, 
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relapses in 2 others, while the majority — 5 — were elearlj’’ benefited but did not 
show normal spinal fluids at the end of the observation period. For comparison, 
tr^^)a^samidc is said to give 5S.7% apparent successes (range 15.S to 82.9%), 
24.7% improved, and 10.0% failures (range 7.2 to 50%) in advanced cases, 
advanced being defined as with more than 10 cells in the cerebrospinal fluid (11). 
A.'? to the relative advantages of oral and parenteral administration, our series 
is too small to permit of conclusion; however, one case showed onl}’’ a mediocre 
response to oral therapy but was api)arentl3' cured b^' a single intravenous course. 

It seems likclj' that, in this first trial of Melarsen o.vdde in man, we did not 
utilize a dosage producing optimal efTccts in the cerebral cases. Accordingly, 
improved results ma\’ subsequently be obtained b3’‘ var3dng the indhddual or 
total doses, rh5'thm of injection and possibbv other factom. We do feel that our 
present results warrant further stud3' of the compound to determine this opti- 
mum and then a detailed comparison with drugs in current use in regard to cure 
rates and toxic reactions. 

No Trifpanosoma rhodcsicnsc-inlcctcd patients were available for treatment. 
However, in animals so inoculated with T. rlwdcsiaisc as to produce cerebral 
tr3’panasomiasi.s, the compound has proved to be curative.*® 

70A 

The second drug emplo3'ed was also a irivalent arsenical furnished under the 
designation “70A”. 


Chemistry, Physics and Pharmacology 

70A is p-(CH-)3 COOH phen3'l arsenoxide. The compoimd referred to as 
7-(P-Arsenosophen3'l)-but3'ric acid is identical with it and all have the struc- 
tural formula 


rrPI H H ^OH 

"C— C— C— C=0» 
\H H 

/\ 



As=0 


In acute T. cquiperdttm infections in mice, 70A was about 5 times as effective 
as tr3*parsamide ; in chronic infections in rabbits, about tvdee as active. 

The drug was furnished*® in sterile ampoules containing 40 mg. in 2.0 cc. All 
injections were made intravenously and following one or two trial half-doses, 
the amount given was alwa3’'s 2.0 cc. (=40 mg.). This was administered thrice 

These experiments will be reported elsewhere. 

** According to Dr. Gertrude Spremulli who ver^’- kindly vouched for the identity of 
these compounds. 

Dr. Harry Eagle very kindlj' supplied the 70A for these trials. 
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weekly to total between 360 and 400 mg,, except in one child where the dosage 
was adjusted in proportion to weight. 

Ten patients were so treated. In all of these the blood and l5miph nodes 
became negative at the end of the course. Four of these patients have been 
followed for periods of 2|, 5, 9 and 11 months, and none has relapsed. 

In regard to the cerebral cases, 3 in number, 70A was ineffectual. These 
cases received from 380 to 400 mg., despite which the spinal fluid cell counts 
at the end of treatment were higher than at the start, the average rising from 8 
cells prior to treatment to 93 cells one week to 9 months afterwards. One pa- 
tient had an initial count of 14 cells and no trypanosomes in the spinal fluid; 
6 days after receiving a total of 380 mg., trypanosomes were present and the 
cells numbered 148. 

Although the number of cases treated was small, it seems clear that at the 
doses employed, 70A was effective in the early stage but neither prevented nor 
ameliorated cerebral involvement.^* 

Summary and Conclusions 

1. Two new trivalent organic arsenicals with favorable chemotherapeutic 
indices as compared Avith trj'^parsamide were given trial against African sleeping 
sickness caused by Trypanosoma gambiense. 

2. One of these trivalent compounds, Melarsen oxide, is not only active in 
the blood and lymph node stage but also has a pronounced effect in the cerebral 
stage. 

3. These effects followed both oral and intravenous administration. 

4. No toxic reactions to the doses of Melarsen oxide were noted in any of our 
patients. 

5. In the early stage, the dosage of Melarsen oxide was adequate to produce 
imiformly satisfactory results. The same dosage given to patients Avith cere- 
bral involvement always produced amelioration, but this improvement was 
sometimes only temporary. It seems quite probable that in this initial trial 
the single dosage and rhythm of injection adopted was not the optimal therapy 
for advanced patients. 

6. The results thus far obtained with Melarsen oxide appear sufficiently en- 
couraging to warrant further investigation in order to determine this optimum 
and then to compare the compound in regard to cure and relapse rates, toxicity 
and also activity in Trypanosoma rhodesiense infections mth drugs now in cur- 
rent use. 

7. The second drug employed, 70A, appears to be effective in the early stage 
of gambian trypanosomiasis, but neither prevented nor ameliorated cerebral 
involvement despite intravenous doses of 380 to 400 mg. administered during 
20 to 30 days. 

>» Dr. Harry Eagle has recently reported on this compound (4) ; he states that results in 
late cases are “not encouraging” and suggests combined treatment with a pentavalent 
arsenical. 



TBEATiMENT OF AFRICAN' SLEEPING SICKNESS 


105 


References 

(1) Banks, C. K., and Controdlis, J. Personal communication. 

(2) Banks, C. K., Gruhzit, O. M., Tilditson, E. W., and Controdlis, J. 1944 Aryl- 

aminoheterocycles. III. Arsenicals of anilinotriazines. J. Am. Chem. Soc., 66, 
1771-1775. 

(3) Brumpt, E. 1936 Prdcis de Parasitologic. Masson et Cie, Paris. 2 vol., 2139 pp. 

(4) Eagle, H. 1945 A new trypanocidal agent: y-fP-arsenosophenyl) -butyric acid. 

Science, 101, 69-71. 

(5) Eagle, H., Hogan, R. B., Doak, G. O., and Steinman, H. G. 1944 Phenyl arsen- 

o.xides in e.xperimental tr 3 'panosomiasis. U. S. Pub. Health Repts., 59, 765-782. 

(6) Friedhbim, E. a. H. 1944 Trypanocidal and spirochetocidal arsenicals derived 

from s-triazine. J. Am. Chem. Soc., 66, 1775-1778. 

(7) 1940a L’effet de Paccumulation de functions basiques ou acides sur Paction 

trypanocide d’acides arsoniques. , Third International Congress for Microbiology, 
1939. Report of Proceedings, International Association of Microbiologists, New 
York. 883 pp. 

(8) 1940b L’acide triazine-arsinique dans le traitement de la maladie du sommeil. 

Ann. Inst. Past., 65, 108-118. 

(9) Gruhzit, 0. M. Personal communication. 

(10) Harlet, G. W. 1933 Ganta Dispensary patients. Am. J. Trop. Med., 13, 67-96. 

(11) §Pearce, L. 1930 The Treatment of Human Trypanosomiasis with Tryparsamide. 

Monograph No. 23. The Rockefeller Institute for Medical Research, New York, 
339 pp. 

(12) Sharp, E. A. Personal communication. 

(13) Strong, R. P., Shattdck, G. C., Beqdaebt, J. C., Allen, G. M., Theiler, M,, 

Linder, D. H., Whithan, L., and Coolidge, H. J. 1930 The African Republic 
of Liberia and the Belgian Congo. Harvard University Press, Cambridge. 2 vol., 
1064 pp. 

(14) Weinman, D., and Franz, K. 1945 Early results of the treatment of African try- 

panosomiasis with two new arsenical preparations (melarsen oxide and 70A). Pre- 
liminary Report. Amer. J. Trop. Med., 26, 343-344. 




AN EPIDEMIOLOGICAL STUDY OF JUNGLE YELLOW FEVER IN AN 

ENDEMIC AREA IN BRAZIL* 

Past I — ^Epidemiology op Human Infections 
R. M. TAYLOR, M. D., AND JOSfi FONSECA DA CUNHA, M.D. 

Part II — Investigations of Vertebrate Hosts and Arthropod Vectors 

H. W. LAEMMERT JR., M. D., LEOBERTO DE CASTRO FERREIRA, 

M. D., AND R. M. TAYLOR, M. D. 

From the Laboratory of the Yellow Fever Research Service, Rio de J aneiro, Brazil 

Part I. Epidemiology op Human Infections 

The problem of jungle yellow fever in Brazil becomes relatively more important 
with the effective control of Aedes aegypti in all urban centers and its eradication 
from large sections of the country. Indeed, among the 1,258 liver specimens 
collected by the Viscerotomy Service from January of 1932 to June of 1945, on 
which the diagnosis of yellow fever was made, only 78 came from localities where 
A. aegypti still existed. The remainder (1,180) were derived from rural areas 
where, presumably, the infection was acquired through the bite of some forest- 
breeding mosquito. Moreover, this epidemiological variety of the disease is not 
only significant in being responsible for an overv'^hehning proportion of human 
infections in recent years, but also in constituting uncontrolled foci of the vims. 

The transmission of yellow fever by sylvan mosquitoes was suspected by Lutz 
(1) in 1929, but convincing proof that hmnan infection may occur in the absence 
of A. aegypti was not forthcoming until a few years later when Soper et al (2) in- 
vestigated a rural epidemic in Valle do Chanaan, State of Espirito Santo. The 
vims isolated from one of the human infections during this rural epidemic was 
shown to be immunologically identical with the vims of classic urban yellow 
fever transmitted by A. aegypti. Thereafter, additional rural outbreaks were 
investigated and reported (Burke (3) and Aragao (4)), and the term “jungle”^ 
yellow fever (5, 6) was applied to distinguish its epidemiological features from the 
urban A. oegypii-transmitted pattern of the disease. 

*The work on which these observations are based was done under the auspices of the 
Servigo de Estudos e Pesquisas s6bre a Febre Amarela (Yellow Fever Research Service), 
which is maintained jointly by the hCnistry of Education and Health of Brazil, and the 
International Health Division of The Rockefeller Foundation. 

^ The' term “selvatic”, “sylvatic” or “sylvan” 5 ’'ellow fever would be more in keeping 
with “sylvestre” and “silvestre” used in Spanish and Portuguese, but the designation 
“jungle” yellow fever has been adhered to in this paper in deference to priority and because 
a change to another name, even though more suitable, would likely lead to confusion. 
Also, as pointed out by Soper (Clinical and Tropical Medicine p. 396) human infection is 
usually associated with contact with a type of dense forest growth which commonly war- 
rants the application of the more restrictive English term of jungle. That is, forest so 
dense as to preclude largely the penetration of sunlight to the ground. 
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Since there is no immunological difference between yellow fever virus strains of 
jungle and of urban origin, it is not surprising that urban epidemics should arise 
from the introduction of the jungle virus into urban cepters harboring J.. aegijpti. 
Several such instances have been reported (Walcott el al (7) and Soper (8)). In- 
deed, the last known occurrence of ae<;ypff-transmitted yellow fever in Brazil 
took place in the town of Senna Madureira, situated on the laco River in the 
Amazon basin. Acre Territory, and was undoubtedly attributable to the entrance 
of the virus from the neighboring forests (Silveira and Simas (9)). In that yellow 
fever virus is no longer being maintained by the man-A. aegypti cycle on this con- 
tinent, it can be postulated that any future urban epidemics of neotropical origin 
will result from the introduction of a jungle strain. 

The outbreak in Matto Grosso in 1934-1935 described by Burke (3), initiated 
an epidemic wave which spread eastward and southward, and during the suc- 
ceeding five years engulfed the major part of southern Brazil. In this instance 
the term epidemic may be justifiably applied because the virus appeared to “burn 
itself out” as it progressed and rarely lasted longer than one season in any given 
locality. Finally it retreated in a northeasterly direction and disappeared, and 
for a period of three years no recognized yellow fever occurred south of the Ama- 
zon watershed and the humid rain-forest portion of southern Bahia. The full 
history and details of this epidemic are yet to be published, but Soper (8, 10, 11) 
in reviewing the general aspects of jungle yellow fever, includes the results of 
several localized studies made during the course of this epidemic. It may be 
added that almost exactly 10 3 '’ears after the large last outbreak, yellow fever 
again appeared (December 1943) in Matto Grosso, and 12 months later human 
infections occurred in the vicinity of the town of Goyaz in the State of Goyaz. 
During the ensuing five months the infection spread southward and eastward 
through the southern part of the State of Goyaz into the State of Minas Geraes, 
at one point approximating the northern border of the State of Sao Paulo. 
Thus, the course and progress of the former epidemic which began in 1934 has 
been duplicated, so far, with singular fidelity. 

On the other hand, the continued periodic collection of yellow fever-positive 
livers, although small in number, coupled with the results of immunity surveys 
(Soper (12)), implies that jungle yellow fever exists in endemic form in the densely 
forested portions of the Amazon valley and in the southern part of the State of 
Bahia. It may be inferred, therefore, that jungle yellow fever occurs in the 
southern and more or less subtropical parts of Brazil in the form of periodic epi- 
demics, while to the north in the humid tropical forests itis endemic in character. 
The occurrence of human infections in the epidemic zone, besides being transient 
in nature, is definitely seasonal in distribution and is limited almost exclusively 
to the warmer rainy season from November to May, while in the endemic zone it 
may take place at any season of the year. 

Hitherto, intensive epidemiological investigations of jtmgle yellow fever in 
Brazil have been confined largely to transient or epidemic outbreaks. These 
epidemic waves in southern Brazil have accounted for a large majority of the 
Imown human infections during the past 10 years, and their maimer of spread is 
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still puzzling. The transient nature of these waves precludes a prolonged study 
of animal hosts and arthropod vectors, as well as the circumstances that 
contribute to infection of humans. Moreover, since it is presumed that the epi- 
demics owe their origin to “spill-overs” of the virus from the northern endemic 
areas, a more complete knowledge of the propagation and maintenance of the virus 
iu endemic zones should be helpful in elucidating the cause of the recurring epi- 
demics. 

The studies here reported were made in the vicinity of Ilhdus, a town located on 
the Atlantic seaboard of the State of Bahia, where rural yellow fever, in the ab- 
sence oiA.aegypti, had been recognized at intervals during the preceding 10 years. 

The foregoing review of the literatmre has been limited to investigations in 
Brazil especially related to human infections. A review of publications in refer- 
ence to animal hosts and arthropod vectors will be given later. 

History of Yellow Fever in the Ilhius Region: Reliable information on the oc- 
currence of yellow fever and the distribution of A. aegypii in the Ilh^us region 
dates from 1930 when a post of the Cooperative Yellow Fever Service was estab- 
lished in the tovm of Ilh^us (map 1). During the preceding 30 years yellow fever 
was more or less continuously present in the State of Bahia in the vicinity of 
Salvador. While exact data are lacking, it is higlily probable that the port of 
Ilh^us and inland towns along the railroad were subjected to periodic visitations 
of A. aegypti-transmitted epidemics. 

A survej’’ made in 1930 verified the presence of A. aegypii in the town of Ilh^us 
and in a number of other towns situated on or near the railroad and the main 
highway between IIh6us and Itabuna. It is of interest to note that this mos- 
quito never penetrated to the strictly rural areas nor did it reach villages off the 
principal fines of communication. By 1934 the control measures, which were in- 
stituted in 1930, had been successful in eradicating A. from most of the 

centers where it had formerly existed. It was still present, although the index was 
low, in Castelo Novo, Ferradas, Itabuna, Buerarema and Sambaituba. By 1936 
A. aegypii persisted only in the town of Castelo Novo but during the following 
year this smoldering focus was extinguished, thus eradicating this mosquito from 
the entire region. Thereafter continued searches have failed to establish its 
presence. 

Viscerotomy posts for collecting fiver specimens were inaugurated in 1931, 
and during the succeeding year enough posts were fimctioning to assure fairly 
complete coverage of the munidpios^ (counties) of Ilhdus and Itabuna. 

The last suspected case of yellow fever in the town of Ilhdus occurred in 1933. 
The victim was a male who several days prior to onset of ilhiess had gone hxmting 
in a neighboring forest. From what is now known it is highly probable that he 
was infected by sylvan mosquitoes during the hunting trip. Although the man 
died, no fiver specimen was obtained. 

Following the creation of viscerotomy posts, the first liver specimen indicating 
yellow fever infection was obtained in 1934. It came from a child three years of 

* A municipio is analogous to a county in the United States and embraces both rural and 
urban areas. 
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age who had died on May 30th of that year after an illness of four days. The 
child lived in an isolated, densely wooded locality known as Sta. Rita in the dis- 
trict of Japu, Ilh^us. An epidemiological investigation made by Dr. "^^rgilio 
de Oliveira, Chief of the Yellow Fever Control Service in Ilhdus, and Dr. Paulo 
C. A. Antunes of the National Yellow Fever Service, revealed that infection 



Map 1. Location of Study Area 


by A. aegypti could be defimtely excluded. Blood samples were taken from the 
seven remaining members of the family j four were immune to yellow fever — one 
a boy of seven years of age. This may be considered as being the first proven 
case of yellow fever of jungle origin recognized in this region. 

Subsequently liver specimens positive for yellow fever were obtained from 
persons who died on the following dates: December 1935, January 1936, April 
1940, two in June and one in December 1941, July 1942, and January 1943. The 
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deceased lived in widely separated rural areas in the southern portion of the 
municipios of Ilhdus and Itabuna (map 2). Epidemiological studies, also carried 
out by Dr. Virgilio de Oliveira, established the jungle origin of infection on 
each instance. In the course of the investigations blood samples were collected 
from the sur\d\Tng members of the families of the deceased and from other persons ■ 
living in the neighborhoods. A total of 311 blood specimens were thus obtained 
and tested for the presence of antibodies neutralizing yellow fever virus. It was 



Map 2. Date of occurrence of yellow fever of jungle origin diagnosed from liver speci- 
mens and results of immunity surveys in the associated hxunan population. 


found that 37.3 per cent gave a positive neutralization test. The percentage of 
immunes (60.4) among persons above the age of 15 was much greater than among 
those below this age (18.6). The results of the immunological survey in relation 
to each death from yellow fever are also shovn on map 2. 

The periodic occurrence of yellow fever among rural inhabitants over a pro- 
tracted period, combined with a high rate of immunity in the families and the 
neighbors of the deceased and the absence of A. aegypti, justified the conclusion 
that jungle yellow fever existed in this region in endemic form. 

Description of the Region-: The town of Ilh^us lies on the coast of the State of 
Bahia, 132 miles south of the city of Salvador and 114 miles north of Porto Seguro 
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where Cabral’s galleons anchored in 1500. Its longitude is 39° 02’ west and its 
latitude 14° 48' south (map 1). It has a small harbor formed by the estuary of 
the Cachoeira and Sant’Ana Rivers and is connected by a narrow gauge railway 
with the inland towns of Itabuna, Itajuipe and Uruguca (map 3). 

The only road that is consistently suitable for automobile travel extends west- 
ward from Ilh^us and passes through Itabuna. Tliis road, and the railroad that 
terminates at Itabuna, constitute the main arteries of mechanized transport and 
communication with the interior. Otherwise travel and transport of agricultural 
produce and merchandise is negotiated along streams in canoes or over 
unimproved dirt roads and trails, on foot or on mule back. 

Bordering the sea is a flat strip of sandy soil varying in depth from a few hun- 
dred meters to several kilometers. This flat strip of sandy soil gives way to 
tmdulating hills, interlaced with small rapidly flowing rock-bed streams. As the 
hiUs are approached the soil changes from the sandy marine type to a dark reddish 
clay enriched by the decomposition of gneiss which appears in outcroppings on the 
sides of hiUs and the eroded banks of the streams. Geologically it belongs to the 
archaic formation of the Serra do Mar. Near the sea the hills are low and gently 
rolling, rarely exceeding a height of 100 meters, but further inland the terrain 
becomes more broken and the elevation gradually increases, to join the central 
plateau. 

The climate varies with the distance from the coast. Along the seaboard and 
inland for a depth of 50 kilometers or more, depending upon the altitude, it may 
be described as a humid tropical climate. The mean n.nn iip. 1 temperature is 
slightly above 22°C. and the monthly mean temperature never falls below 18°C., 
nor does it vary more than 6°C. from month to month. 

The annual precipitation usually exceeds 1,900 mm. and during the period 
(1924-1935) averaged 2,115.5 mm. The rainfall is fairly evenly distributed 
throughout the year but is commonly somewhat greater during the months 
of March, April and July, and again in November and December. A great 
part of the precipitation occurs in the form of thunder showers, and a day without 
some sunshine is infrequent. The heaviest and most equally dispersed rainfall 
occurs near the coast. Inland it tends to diminish and becomes more seasonal 
in character until the semiarid plateau region with its scanty and highly seasonal 
rainfall is reached. 

The predominant vnnd from November to March is east by northeast, and 
during the remainder of the year it is east by southeast. The mean monthly 
wind velocity varies from 2 to 4 meters per second. It is usually somewhat 
stronger duimg the months of April, July and August. Except near the coast, 
where there is commonly a light to moderate breeze, there is little consistent air 
movement except preceding and during thunder storms, when it may for a limited 
period attain considerable velocity. 

The character of the vegetation varies with the nature of the soil, rainfall, eleva- 
tion and the distance from tue coast. Bordering the sea and extending inland 
according to the width of the sandy soil, is a strip of halophilous vegetation among 
which, planted coconut palms occur. Next comes the xerophilous zone which 
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Map 3. Predominant tj^ie of vegetation in the Study Area 

may be described as a transition between the halophilous and hygrophilous vege- 
tation, and is characterized by the presence of cultivated piassava palms {Attalea 
funifera), scraggly forests or even patches of savanna. This zone, which is in- 




8 


TAYLOR ANT) DA CUNHA 


definite in extent, blends into the massive hygrophilous humid to semihumid 
forests that commence a few kilometers from the coast and extend inland for 40 
kilometers or more. The hygropliilous belt has two characteristics. The semi- 
humid mesothermal vegetation which covers the tops of hills is peculiar to the 
Ilh4us region and can be clearly differentiated from the type which covers the 
tops of the Serra do Mar Mountains to the south. The humid megathermal vege- 
tation covers the slopes of hills and lowlands and is essentially Amazonian in 
character; many of the same botanical species are found in both regions. At 
intervals along the coast, where the formation of sandbars or silt in the mouths 
of streams has obstructed the outflow of water, swamps covered with mangrove 
and other types of swamp vegetation have developed. 

As the altitude and the distance from the coast increases and the rainfall dimin- 
ishes and becomes more seasonal in distribution, the forests change from the 
humid and semihumid to the semiarid type. On the central plateau, where 
rainfall is scarce, the vegetation is xerophilous, consisting of stunted bushes, 
Cactaceae and Bromeliaceae. This general vegetational pattern extends from 
the Rio das Contas in the State of Bahia southward along the coast to the Rio 
Doce basin in the State of Espirito Santo. 

The most characteristic feature, and the one which is of particular interest, is 
the broad band of humid forest with its dense upper canopy that Ues between the 
coast and the elevated central plateau. This type of forest and the accompany- 
ing climatic conditions are encountered only here and in portions of the Amazon 
basin and, it would appear, constitutes an environment peculiarly adapted to 
harboring the virus of jungle yellow fever.® 

The area chosen for more intensive study forms roughly a rectangle approxi- 
mately 30 by 50 kilometers, bounded on the north by the Almada River which 
flows just south of Castelo Novo, on the west by Itabuna, on the south by Buera- 
rema, and on the east by the sea. This will be referred to subsequently as the 
Study Area. The more extensive and older forests extend along the east near 
the coast and to the south (map 3). In the strict definition of the term there 
remains only a very limited amount of virgin forest in the area. From most of 
the forests indicated on the map either selected timber has been cut or the land 
was at one time more or less completely cleared but has since returned to forest. 
There is^ also within this forested zone a rather extensive swamp lying between 
Antagua and Castelo Novo. The western portion of the area is largely devoted 
to the cultivation of cacao. 

The zones, as shown on map 3, represent the predominant type of vegetation 
only. In reality there are small cultivated areas, principally of mandioca and 
some cacao, and patches of pasture land.vdthin the more extensive forested region, 
Likevdse there are clumps of trees, usually second-growth, or partially lumbered 
forests on the hiUtops and along the streams in the cacao zone, as well as some 
open grasslands for pasturing pack-mules and a few cattle. The cacao is grown 


3 A more detailed description of the flora of this region is to be found in the Memorias 
do Instituto Oswaldo Cruz (Rio de Janeiro), Vol. 44, Nos. 1 and 2, 1946 by Henrique P. 
Veloso. 
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under partial shade afforded by tall trees that spread their branches 5 to 10 meters 
above the dense foliage of the smaller cacao trees. Thus, there are two distinct 
canopies, the less homogenous one above, through which filters some sunshine, 
and the loiver canopy formed by the cacao trees which virtually prevents all 
direct rays of the sun from reaching the groimd. The floor of the old and well- 
developed groves is open and free of surface vegetation. These shaded planta- 
tions, with the interspersed patches of forest, constitute a not unfavorable habitat 
for certain species of arboreal animals, such as marmosets. There are two 
methods of establishing the cacao. The first and more common procedure is to 
clear the forest floor but to leave enough trees standing to furnish the required 
shade. The second method is to clear the forest completely and to plant the 
young trees in com or mandioca which furnish temporary shade until the fast 
growing tree of the genus Erythrina that is planted at the same time attains suffi- 
cient height to give permanent coverage. 

Population: The municipios of Ilh^us and Itabuna have a population of 208,- 
000 or 26.7 persons per square kilometer. There are no exact figures on the pro- 
portion of people living in towns and villages and those living in isolated habita- 
tions. Although there are sparsely inhabited areas further inland and to the 
south, the population in these two municipios is relativelydense, considering that 
there is no manufacturing and that the people are dependent entirely upon agri- 
cultural pursuits. The Study Area, including the villages, has an estimated pop- 
ulation of 31,000. Notwithstanding the rather extensive forests and a tendency 
to expand the land under cultivation, this is not a “frontier” region in the strict 
sense of the term, since Ilh^us has been established as a trading port for more than 
three centuries and cacao has been extensively produced for at least 75 years. 
Due, however, to the productiveness of the soil and the opening up of new terri- 
tory fruther inland, there has been a considerable influx of labor during recent 
years from the less fertile northeast section of Brazil. This accounts for the ex- 
cess (19.3 per cent) of males over females and a tendency of labor to shift from 
one location to another. In consequence, considerable difficulty was encountered 
in finding people who had been bora and raised in the same locality. 

Economic and Living Conditions: The principal export is cacao and the pros- 
perity of the region fluctuates with its price on the world market. Other agricul- 
tural exports, consisting of coconuts, tapioca, kola nuts and fiber of the piassava 
palm are comparatively insignificant. Stimulated by war demands, a few rubber 
trees planted many years ago have been exploited and new plantations are being 
imdertaken south of the Study Area. There is also fimited shipment through 
Hh^us of beef and hides from the interior. 

Most of the cacao plantations are rather large and are conducted by hired labor. 
Thus, the rural population is sharply diidded into two economic classes, the land 
owners or their estate managers, and the much more numerous common laboreis 
or tenants. Our survey involved principally the latter class. With the excep- 
tion of the houses of the estate owners or managers, the rural habitations are 
very primitive. The walls are constructed of mud held together by a network 
of slender poles. The roofs are usually made of palm leaves and the floors are of 
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dirt. Earely are the mud walls surfaced either on the outside or inside. Fre- 
quently there are no windows and the door space may be left open or covered uath 
reeds or sackcloth. On the estates of some of the more considerate owners, the 
tenant houses are better built and have tile or tin roofs, windows with glass panes, 
and doors. But in no instance are there any sanitary provisions, and the 
chickens, dogs and pigs, when possessed, have free access to the house. Screening 
is unheard of even in the houses of the estate owners, and insects of all kinds may 
enter at will. There is usually some cleared land about the house but the extent 
of the clearing is variable and some of the houses are in close proximity to cacao 
groves or forests. 

The monocultural system reflects unfavorably upon the economic and nutri- 
tional status of the laboring population. Most of the cereals consumed in the 
region are imported. Mandioca is the only staple food produced inadequate 
quantity. Garden vegetables are scarce. Consequently, the standard diet con- 
sists principally of rice, black beans, mandioca, fruit, a minimum of meat, and 
some fish along the coast. 


PLAN AND SCOPE OP STTTDT 

The study incorporated what may be termed “direct” and “indirect” methods. 
It was hoped that the evidence accumulated from the one would complement and 
support that assembled from the other. 

Under the “direct” method may be classed effort to isolate the virus and to 
trace its passage through man and animals by a survey of the immunity which 
infection with the virus confers. These efforts consisted of: (a) search for the 
virus in mosquitoes and ectoparasites by inoculating suspensions of triturated 
arthropods into susceptible animals; (b) search for the virus in captured animals 
by inoculating their sera or suspensions of organs into other animals known to be 
susceptible, and (c) tests for the presence of specific neutralizing antibodies in 
human sera and sera of captured forest animals. 

Under the "indirect” method may be grouped efforts to determine the habits 
and environment which tend to favor human infections, and the combination of 
flora and fauna conducive to the maintenance of the virus in forests. These 
comprised: (a) a survey of the flora of the region; (b) a survey of the animal 
population in different types of vegetation, and (c) a survey of mosquitoes, like- 
wise in different types of vegetation. Finally, all of the accumulated data were 
analyzed with the object of deter m in in g whether there was any relation between 
the present or past existence of the virus, as revealed by the direct methods, and 
the habits of the people, their environment, or the floral and faunal characteristics 
of the forests, as revealed by the indirect methods. 

For convenience of presentation and also because man probably plays no in- 
trinsic part in the maintenance of the virus in the forests, the data are recorded 
in two parts. The first part deals with the epidemiology of human infections, 
and the second part with investigations on possible animal hosts and arthropod 
vectors of the virus. 
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IMMUNITY SURVEY OF THE HUMAN POPULATION 

Collection of Blood Specimens: Shortly preceding and during the early stages of the field 
study, blood samples were collected in "venules” of 8 to 15 cc. capacity from persons re- 
siding in the municipio of Hh^us and in the neighboring municipio of Itabuna. The sertim 
was separated from the blood clot, usually on the second or third day following collection, 
centrifuged if required, transferred to glass ampules, sealed and sent to the Rio de Janeiro 
Laboratory by air express for testing. In some instances, before the installation of the 
field laboratory at Pontal, the venules were sent direct to Rio de Janeiro and the serum was 
separated there. Little difficulty was encountered in the way of bacterial contamination. 

The survey was confined to the rural inhabitants and, with few exceptions, was limited 
to persons born in either one of the two municipios. An effort was made to obtain blood 
samples from a relatively large number of children (below the age of 15 years) in order to 
determine the more recent presence of the virus. 

Approximately 15 months later, near the close of the field study, a second sample of blood 
was taken from persons who had ^ven a negative neutralization test at the first bleeding, in 
order to ascertain if infection with yellow fever virus had occurred during the interim. 

Collection of Epidemiological Data: In addition to data on age, sex, place of birth, 
length of time in present residence, profession and economic status, information was ob- 
tained on the frequency of ■visits to old and young forests, and on excursions of more than 
5 kilometers bj'’ train, autobus, horseback and on foot. On a second form, which served for 
all members of a household, the location and type of dwelling, its immediate surroundings 
and its distance from old and young forest was recorded. It was hoped that by the analysis 
of such data, some conception might be obtained of the personal habits and residential 
en'vironment that favored infection. 

No effort was made to secure history of past illness, since such information has been 
shown to be rather unreliable in identif 3 dng yellow fever infection, even following an acute 
epidemic (Soper and Andrade (13)). It is believed, therefore, that such information is 
valueless vmder endemic conditions. 

LABOBATOBT METHODS 

Neutralization Test: Neutralization tests were performed according to the method of 
Theiler (14), utilizing the technique of intracerebral injection. The -vdrus used was the 
neurotropic French strain in its 520th serial mouse brain passage. One standard prepa- 
ration of desiccated -virus-containing mouse brain was used in all of the tests. This -virus 
preparation was so diluted, in a 10 per cent concentration of normal monkey serum (Macaco 
mulatto) in 0.85 per cent NaCl solution, that approximately 200 LDjo were contained in a 
volume of 0.03 ml. Quantities of 0.2 ml. of this virus dilution were mixed with an equal 
volume of the undiluted serum to be tested. This serum--virus mixture was allowed to 
stand for one hour at a temperature of 37°C., and was then injected intracerebrally into a 
group of six Swiss mice, each mouse recemng 0.03 ml. The mice were kept under obser- 
vation for a period of 10 daj’s. Two series of controls were used in each test: the first con- 
sisted of a titration of the -virus content in tenfold dilutions and the second consisted of a 
titration of a standard immune serum in fourfold dilutions. 

Complement-Fixation Test: The method used in the complement-fixation tests is es- 
sentially that described by Lennette and Perlowagora (15) -with the exception of a modifi- 
cation of the preparation of antigen (16). In our tests a purified antigen, prepared by the 
extraction of the lipids and the separation of the globulin fraction of infected mouse brain, 
was substituted for the whole brain antigen pre-viously used. This modification gave an 
increased specificity, and avoided a great majority of the non-specific fixations encoun- 
tered when testing sera from sj-philitic donors. Two units of complement were employed. 
The period of fixation consisted of one hour at 37°C., and overnight storage in the refrigera- 
tor. Only sera showing complete fixation in a minimum dilution of 1:8 were considered to 
be positive. 
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RESULTS 

Geographical Distribution of Yellow Fever Immunity: Persons giving immune 
reactions to yellow fever virus are foxmd among rural mhabitants throughout the 
entire re^on surveyed, with the exception of those living north of the Rio Ahnada 
(map 4). The percentage of positives is greater in the districts of Banco da 
Vitdria, Japu and Olivenga, situated in the southern portion of the munidpio of 



Mif 4, Datributloa of tenunity to yellow lever io the hmim popdstion 

m4us. lo each ot these districts the percentage of immunes is above 30. By 
compamon mth map 3, rt wiU be observed that the districts containing the high® 
^rcentap of mmuni^ Ao contain or border upon the more eytenlve forfsts. 

of blood sampies taken in the munici-pio of Itabuna also re- 

percentage of positives is 

lower (11.2) than m the southern portion of the mnnicipio of Ilb4us 

. ® n In geneml the incideoce of 

^i^ty. as determmed by he neutraUsation test, increases with age (table 1. 
fig. 1). J&ceptions to thm^e oocm m the age groups of 0-4 in males ai^d 40-49 
m females, but m both instances the numbers involved are smaU and the dif- 
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■ ferences from the neighboring age groups are scarcely significant. It is not im- 
probable that the higher percentage of positive reactors in the age group of 0-4, 
as compared with the age group 5-9, was occasioned by a conscious effort to ob- 

■ tain blood samples from young children in localities where the presence of Jyellow 
fever virus in the neighboring forest was suspected. The greatest difference in 
immunity occurs.between the consolidated age groups of 0-14 and over 15 years 
of age. The percentage of immunes below the age of 15 is only 7.5, while Wong 



Fig. 1. Relation of Age and Sex to Yellow Fever Immunity 

those 15 years of age and above the rate is 32.7, or 4.4 times greater. Although 
a rise in immunity with age may be expected in the presence of an endemic disease 
if exposure and susceptibility are more or less constant throughout life, 
apparently some factor existed which increased the probability of infection, 
e^ecially among males, after the age of 15. Among males the ratio below 15 
years of age is 9,6 but in the next 15 years (15-29 age group) it is 41.8 or 4.4 
times greater. 

The global immunity ratio of males is 2.6 times greater than of females. The 
difference is especially marked in the age group of 15 years and above. In the 
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older age group the imruunes among the males are 2.8 times greater, while in the 
age group below 15 the immunes among the males are only 1.8 times more frequent 
than among females. 

Relation of Occupation to Yellow Fever Immunity: In this, and in the succeeding 
analyses, are included only persons who were born in the munidpios of IMus or 
Itabuna, and who were residing within the Study Area at the time of the survey. 
This group comprises 707 individuals. 

The highest percentage of immxmes is encountered among the laborers and 
managers on cacao plantations, followed by woodcutters and those engaged in 
the cultivation of mandioca (table 2). The inummes among those occupied in 
household duties are significantly fewer, and as was to be expected, the children 


TABLE 1 

Relation of age and sex to yellow fever immunity 



MAXES 

i TEMAXXS 

1 

BOTH SEXES 

AGK GROUPS 

Number 

Tested 

Num- 

ber 

Posi- 

tive 

Per cent 
Positive 

Number 

Tested 

Num* 

ber 

Posi* 

live 

Per cent 
Positive 

Number 

Tested 

Num- 

ber 

Posi- 

tive 

Per 

cent 

Posi- 

tive 

0-4 


4 

wm 

24 

1 

4.2 

51 

5 

9.8 

5-9 


8 


103 

s 

4.9 

246 

13 

5.3 

10-14 


19 

12.0 

157 

9 

5.7 

315 

28 ^ 

8.9 

0-14 

^1 

328 

31 

1 

9.5 

284 

15 

5.3 

612 

46 

7.5 

15-19 

134 


35.1 

104 

13 

12.5 

238 

60 

25.2 

20-29 

103 


50.5 

101 

14 

13.9 

204 

66 

32.4 

30-39 

44 


56.8 

30 

9 

30.0 

74 

34 

45.9 

40-49 

15 

10 

66.7 

20 

3 

15.0 

35 

13 

37.1 

50+ 

14 

10 

71.4 

6 

4 

66.7 

20 

14 

70.0 

15+ 

310 

144 

46.5 

261 

43 

16.5 

571 

187 

32.7 

Total all ages 

638 

175 

27.4 

545 

58 



233 

19.7 


(under 15 years of age) listed under “no occupation” gave the lowest rate. Not 
only is there a higher ratio of males engaged in the more hazardous occupations, 
but the percentage of immunes among this sex is greater than in the females em- 
ployed in the same type of work. 

Relation of Visits to Old-Type Forests to Yellow Fever Immunity: Because there 
is considerable variation in forest aggregates within the Study Area, exact and 
detailed classification is rendered difficult since not mfrequently one t3’p6 is inter- 
mixed and blends in with another. Moreover, the limited number of persons in- 
volved in the survey does not permit division into a large variety of con- 
tact groups and still afford a sigmficant number in each group. It was therefore 
decided, for purpose of contact analysis, to classify the forests into two categories 
according to age, one comprising forests 76 years or more of age, and the other 
younger forests, or forests less than 75 years of age. This division, though ar- 
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bitrary, seems logical as after about 75 yearn a forest in this region has largely 
reverted to the climactic or virgin t3^e which differs in number and variety of 

TABLE 2 


Relation of occupation to yellow fever immunity 


OCCUPATION 

1 lUXES 

i 

TEUALES j 

BOTH SEXES 

Number 

Tested 

Percent 

Positive 

Number 

Tested 

Percent 

Positive 

Number 

Tested 

Per 

cent 

Posi- 

tive 

Laborers, cacao plantations 

165 

47.9 

78 

25.0 

243 

40.7 

Managers, cacao plantations 

8 

37.5 



8 

37.5 

Wood-cutters (charcoal) 

7 

28.5 



7 

28.5 

Laborers, mandioca farms 

62 

27.4 

61 

11.5 

123 

19.5 

Domestic 

2 

50.0 

67 

10.4 

69 

1 11.6 

No occupation (children) 

136 

8.8 

115 

5.2 

251 

7.2 

hliscellaneous 

6 




6 

1 

Total 

386 

1 

29.8 

321 

12.2 

707 

21.8 


Note: This and the following tables include only persons living within the study area 
and who were born in the municipios of Ilhdus or Itabuna. 


TABLE 3 


Relation of visits to old-type forests to yellow fever immunity 





JIAIES 



FEITAIXS 


1 BOTH SEXES 

VISITS 












0-14 



0-14 

15+ 

Total 

0-14 



Daily 

Tested 

H 

48 

58 

4 

15 

19 

14 

63 

77 


Positive 

■91 

32 

38 

0 

7 

7 

6 

39 

45 


Per cent 
Positive 


66.7 

65.5 


46.7 

36. 8 

42. 9| 

1 

61. 9| 

58.4 

Weekly 

Tested 

34 

35 


15 

26 

41 

49 


110 


Positive 

6 

23 


2 

8 

10 

8 

31 

39 

1 

1 

Per cent 
Positive 

17.6 

65.7 

42.0 

13.3 

30.8 

24.4 

16.3 

50.8 

35.5 

Monthly 

Tested 


22 

32 

2 

9 

n 


31 

43 


Positive 

3 

S 

n 

0 

2 


3 

10 

13 


Per cent 
Positive 


36.4 

1 

34.4 


22.2 

i 

25.0 

32.3 

30.2 

Never 

Tested 

H 

" i 

227 

146 

104 

250 

296 

181 

! 477 


Positive 

Bl 

27 

37 

7 

13 

20 

17 

40 

' 57 


Per cent 
Positive 

6.7 

35.1 

1 

10. 3 

4.8 

12.5 


5.7 

22.1 

11.9 


botanical species from the younger immature forests. These categories will 
henceforth be designated as "old-tjTJe forests” and "young-type forests.” The 
e.\tent of the "swamp forests” and the “transition zone forests” and the human 
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contacts with these types of vegetation were too limited to warrant separate clas- 
sification. 

In the total population surveyed (all ages and both sexes) there is a definite 
relation between visits to old-type forests and immunity to yellow fever (table 3). 
It is especially manifest among the group making daily visits, and while the dif- 
ference between weekly and monthly visits is not significant, those who 
make either weekly or monthly visits are much more prone to become infected 
tbn,r> those who deny contact. The highest ratio of immtmes occurs in the males 


TABLE 4 

Relation of visits to young-type forests to yellow fever immunity 


VISITS 



UALES 



TEUAIXS 


UOTH SEXES 



0-14 

15+ 

; Total 

0-14 

1S+ 

Total 

0-14 



Daily 

Tested 

48 

77 

125 

27 

53 

jm 

75 

130 

205 


Positive 

7 

39 

46 

4 

16 


11 

55 

66 


Per cent 
Positive 

14.6 

50.6 

! 36.8 

14.8 

30.2 


14.7 

42.3 

32.2 

Weekly 

Tested 

70 

45 

115 

47 

40 

87 

117 

85 

202 


Positive 

6 

21 

27 

3 

9 

12 

9 

30 

39 


Per cent 
Positive 

8.6 

46.7 

23.6 

6.4 

22.5 

13.8 

7.7 

35.3 

1 

19.3 

1 

Monthly 

Tested 

13 

6 


11 

6 

17 

24 


! 36 


Positive 

1 

2 

3 

1 

3 

4 

2 

5 

f 7 


Per cent 
Positive 

7.7 

33.3 

15.8 

9.1 

50.0 

23.5 

i 

8.3 

1 

41.7 

19.4 

Never 

Tested 

mi 

54 

127 

82 

55 

1 

137 

111 

109 

264 


Positive 

19 

28 

39 

1 

2 

3 

■■ 

30 

42 


Per cent 
Positive 


51.9 

30.7 

1.2 

3.6 

2.2 


27.5 

15.9 


15 years and over who visit forests frequently, and the lowest among those (both 
sexes) under 16 years of age who deny entering forests. The number in the latter 
RgG group that visits old-type forests is small but the ratio of immunity among 
the aggregate of those who make daily, weekly or monthly visits is significantly 
greater than among those who do not make such visits. The effects of visits 
are also manifest among the females of the older age groups although the im- 
munity rate is not so high as among the males. 

Visits to old-type forests are more commonly made by males (41.2 per cent) ' 
than by females (22.1 per cent), and by those 15 years of age and above (46.1 
per cent) than by those in the lower age group (20.2 per cent). 

The implications of these differences in age and sex immunity and the circum- 
stances which may favor infection of men in preference to women will be con- 
sidered in the “Discussion” (p. 19). 
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Relation of Visits to YoungrType Forests to Yellow Fever Immunity: The correla- 
tion of immunity with the frequency of visits to young-type forests is not so strik- 
ing, although the global immunity rate among those who make daily visits is 
significantly higher than among those who make visits weekly or monthly (table 
4), The rate of immunity in those making weekly or monthly visits, while 
slightly higher, does not differ significantly from that of the group which denied 
such visits. 

Relation of Visits to Old-Type Forests and Young-Type Forests to Yellow Fever 
Immunity: A certain number of people gave a histoiy of having visited both old- 
type forests and young-type forests, and in order to obtain a clearer conception 
of the effect upon immunity of visiting each type of forest, divisions were made 
into those who visited old-type forests only, young-type forests only, both and 
neither type of forest. The results are listed in the following tabulation: 


Visits to : 



OLD-TYPE POBEST ONLY 

YOUNG-TYPE POBEST ONLY 

NEITHER 

BOTH 

TOTAL 

Daily 

Week- 
ly or 
monthlj 

Total 

Daily j 

Weekly or 
montLly 

! 

Total 

Immunes 

24 

11 

35 

29 

21 

SO 

7 

62 

154 

Total 

35 

35 

70 

118 

165 

283 

194 

160 

707 

Per cent immune. . 

68.6 

31.4 

60.0 

24.6 

12.7 

17.7 

3.61 

38.8 

21.8 


It is apparent that persons visitmg old-type forests are more frequently im- 
mune than those visiting young-type forests. Nor do visits to young-type forests 
in addition to visits to old-type forests appear to enhance the chance of acquiring 
immunity. However, those visiting young-type forests only, especially if the 
visits are made daily, are more likely to be immune than those who visit no 
forests' whatever. 

Relation of Distance of Habitation from Old-Type Forests to Yellow Fever 
Immunity: The number of people included in the survey who lived within 100 
meters of old-type forests is small and, while the iofection rate among them is 
somewhat greater than among those who lived at a distance of 101-500 meters, 
the difference is not statistically significant. However, the immunity rate is 
significantly higher among those who live within 500 meters of a forest than 
among those who live at a greater distance (14.2 ± 2.6 per cent),^ 

In assessing the significance of this relationship a second factor must be taken 
into consideration, namely, persons living in the vicinity of old-type forests tend 
to visit these forests more frequently than do those who live more than one-half 
kilometer distant. Further analysis shows that the ratio of immunes among 
those who live within 500 meters, but who do not visit the forest, is no higher 
than among persons who live at a greater distance and likewise do not visit such 
forests. It appears, therefore, that living in the vicinity of a forest, tunless 
coupled with visits to the forest, bears little if any relation to immunity. 


<P.E. or 0.6745 X S.D. 
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Relation of Distance of Habitation from Young-Type Forests to Yellow Fever 
Immunity: While imDaunity is slightly higher among those living within 100 me- 
ters of young-type forests than among those living at a greater distance, the 
difference is not significant (6.8 ± 3.2 per cent). It may be inferred that living 
in proximity to young-type forest is not definitely associated with yellow fever 
immunity. 

Travel in Excess of Five Kilometers and its Relation to Yellow Fever Immunity: 
Information on journeys in excess of 5 kilometers from the place of residence was 
elicited for the purpose of evaluating the possible influence of travel upon the 
immunity rate. Classification was made according to whether journeys were 
made weekly, monthly, yearly, or never; and whether by train, autobus, horse- 
back or on foot. It was found that travel by the first three means was very in- 
significant. Only 26.7 per cent of the people admitted to travel by train, 16.5 
per cent by autobus and 6.5 per cent by horeeback. However, 52.3 per cent made 
trips greater than 5 kilometers on foot and 42 per cent were accustomed to make 
such trips weekly or monthly. Most of the persons included in the survey be- 
. long to the lower economic status which no doubt accounts for the infrequency 
of travel by train or autobus. Few of them own horses or mules, and even if they 
do the animals are used for carrying cargo and not for riding. 

There was found to be no relation between yellow fever immunity and travel 
by train, autobus or horseback, but there is evidence of positive correlation be- 
tween frequency of travel by foot and immunity. Again other factors must be 
considered in interpreting this correlation. The persons who travel most fre- 
quently are males of 15 years of age and above. It has been noted that the 
highest percentage of immunity occurs in this sex and age group. In addition, 
those who travel by foot are also given to visiting old-type forests. Correction 
for these factors leaves considerable doubt as to whether travel per se is conducive 
to yellow fever infection. 

Complement-Fixation Test: The complement-fixation test was satisfactorily per- 
formed on 490 sera, 185 of which gave a positive and 305 a negative neutralization 
test. Of the 185 which gave a positive neutralization test 118 (63.8 per cent) 
also gave a positive complement-feation reaction. Of the 305 negative neutrali- 
zation test sera, two (0.7 per cent) were positive for complement fixation. 

While there is a correlation between the neutralization and complement-fixa- 
tion tests, it is not complete. The fact that only 63.8 per cent of the sera which 
neutralized the virus were also capable of fixing complement in the presence of the 
virus antigen may be explained by a tendency of the complement-fixing anti- 
bodies to disappear, in contrast to the permanency of the neutralizing antibodies. 
Thus, the complement-fixation reaction in combination with the neutralization 
test may be of value in estimating the time when the infection occurred. As 
yet, however, we do not have adequate data to estimate the length of time the 
complement-fixing antibodies persist after infection. In this instance the persons 
showing positive complement-fixation reaction were well scattered over the area 
and gave no indication of recently occurring infections in any given locality. 

The two sera that fixed complement but failed to neutralize the virus, probably 
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represent non-specific reactions Vhich occasionally occur even; (when ;purified 
antigen is used. 


RE-SURVEY 

Approximately 15 months after the original survey was made, blood specimens 
were taken from 234 persons who had given a negative neutralization test on 
the first survej’’. Only one of these, an adult male, was positive on the second 
survey. The specimen was taken at the close of the study period and it was 
not possible to secure information on his movements after the time the first 
blood sample was taken. 

The second surve}’- necessarily comprised people who had given a negative 
reaction on the first survey and of whom a rather high proportion were females 
and in the age group below 14 years. It will be recalled that this sex and age 
group is the least exposed to infection. Had there been more adult males 
included in the second survey, it is possible that more positives would have 
been found. 

During the first survey made at the beginning of the study, blood specimens 
were obtained from a few persons who had been tested in 1934 in connection 
with the first j'ellow fever positive liver received, that of a child d3Tng at Sta. 
Rita. A group of 26 persons living in the \dcinity of Sta. Rita and Engenho 
Sant’Ana, who gave negative reactions in 1934, were retested and six of them 
were found to be positive approximately 10 years later. 

DISCUSSION 

It will be convenient at this point to discuss some of the data related to the 
epidemiology of the disease in hiunans before proceeding to the studies on animals 
and arthropods. 

The present survey of the human population, besides being a corollary to the 
animal and arthropod investigations, was imdertaken vuth the hope of gaining 
more precise knowledge of the factors influencing infection by a comparison of 
the living environment and personal habits of those who had been infected and 
those who escaped infection. 

In the neutralization test we possess a rather highly reliable means of deter- 
mining whether a person has been previously infected. There is ample evidence 
that human infection is followed by staimch immunity, manifested by the 
persistent presence of circulating antibodies capable of neutralizing the virus. 
It may be assumed, therefore, that a person possessing neutralizing antibodies 
has been infected with the virus at some prior occasion. Hence, the term 
immunity, as used here, implies previous infection. 

The imequivocal association of immunity with visits to forests, especially 
the old type of forest, is the outstanding feature revealed in these studies. 
Indeed, it is believed that aU other correlations with immunity, such as occupa- 
tion, living environment and travel on foot, as well as the peculiarities of age 
and sex distribution, may be accounted for by contact with forests. In other 
words, personal contact with forests appears to be the dominant factor which 
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favors infection and the other correlations are partial and exist only because 
they in turn are related to idsits to forests. 

The observed age and sex distribution of immunity with its significantly 
higher ratio among males above 15 years of age is characteristic of the jungle 
form of the disease and is in sharp contrast to that found following urban epi- 
de^cs of yellow fever transmitted hy A. aegypli (6, 10). In the latter, women 
and children, and persons who spend most of their time in or near the house, 
are equally, if not more frequently, infected than the adult or adolescent male. 
The selection of males above the age of 15 years in the jungle form of the disease 
is m all probabihty attributable to their occupation and personal habits that 
lead to more frequent and more prolonged contact with forests and, consequently, 
m 1 vec ors ^ ^ f virus, rather than to differences in age or sex susceptibility. 
The lower rate of iiffection among women engaged in the same occupation, who 
clamed to have ^sited forests as frequently as men, may be due to a difference 
Z work they perform and the nature and length of their visits 

rnlp '+}, ^ cacao plantations and in forests, women do not as a 

S Zrtlr H as the men and their visits are likely to be 

underWh^ A? of wood and clearing of 

T t^at male laborers while at work may 

Wd Z ^aist, and thus 

Sict toTaLt'^r differences, though not 

aMkertoMTr.tl'^t 'T'.”*'’ r!,* '““““‘y “re out-of-doors and are 
are the ones most ^ ao s. The people who engage in such occupations 

ino^oret' or 'Lri^r ™ among inhabitante of distriota that 

i.e., people who Uve cloje to T? ° ’ 

forest more frpnnfini-iv fLoT, + 1 , T- • meters) also tend to enter the 

is made for this factor, the cIoTe^pr'Sty^oflhl ???? "'"f allowance 
significance. It may be inferred tS^f t forests loses its 

ordinarily enter or remaS^rtt ™ do not 

true one would e^ecnnnromter^Stt 

children, and ammg those who Lmainft homf ^omen and 

that infection may not occasionallv nr-mr 4 ft f^.^ot be said, however, 
house, as the known vectors of thf vini<. h 
indoors. Bat in comparison with entering 1^01^1 2'^“’ fTf 
infected in or about the house is relatively flight ^ becommg 

distanoef’otl’ MometeS'of'mf^^y™so* 

since the same people also freqnenUy Lte totir“^n 

those who are given to infeetion tend to travel b^t iffa net 

travel m itself favors infection. ’ ^ ^ unphed that 
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Previous cpiclcmiologicnl investigations on jungle yellow fever in Brazil have 
been made in zones where the disease was transient or, according to the applied 
definition, epidemic. Tlie human studies, which wore directed largely to the 
investigation of fatal or clinically manifest infections, revealed that almost 
invariabl}' the infected person had been in contact with forests witliin five or 
six days preceding onset of S 3 ’inptoms. The only group immunity survey 
furnishing classified statistical information on the relation of immunity to place 
of habitation wa.s made bj’ Burke (3) who found that the immunity ratio among 
persons living in an urban center was much lower than among the neighboring 
rural inhabitants, and that in the latter group the highest rate was encountered 
among those living within 3 kilometers of “fields and jungle.” The present 
study, made in a region wiicrc the disease is endemic, confirms the earlier observa- 
tions that contact with forest is the salient feature associated Nvith infection. 
But it docs not substantiate the inference that the location of the habitation in 
reference to the forest is in itself important . The disease affects rural inhabitants 
living near forests because these people arc more likely than others to enter the 
forest. It ma}' also be concluded that it is an occupational disease only in so 
far as the occupation leads to forest contact. 

The c-xtent to which these observations harmonize rvith the studies on forest 
hosts and \'Cctors can be more nppropriateb'’ discussed following the presentation 
of data in Part 11. 




Part II. Investigation of Vertebrate 
Hosts and Arthropod Vectors 

H. W. LAEMMERT, JR., M.D., LEOBERTO de CASTRO FERREIRA, M.D., and 

R. M. TAYLOR, M.D. 

REVIEW OP LITERATURE 

During the years following the first laboratory passage in 1928 of yellow fever 
virus to monkeys, a mass of information has been accumulated on the suscep- 
tibility of vertebrates to infection with the virus and the ability of arthropods 
to retain or transmit it. A classified list of publications on this subject will be 
foxmd in the August 1945 issue of the Tropical Diseases Bulletin. In the follow- 
ing revuew reference will be made only to articles of pertinent interest. We shall, 
however, refer to some unpublished data. 

In interpreting the practical implications of the experimental work on verte- 
brate hosts and arthropod vectors of the virus, consideration must be given to 
the methods and criteria adopted in determining the susceptibility of a vertebrate 
and the ability of an arthropod to transmit the virus. Also the Icnowledge 
gained in the laboratory should be weighed in the light of field experience and 
the ecology of the host and vector involved. The one may serve to complement 
or to contradict the other. 

As may be expected, the behavior of the virus and the response of the host 
are influenced by the dose of the virus employed and the route and manner by 
which it is introduced. It is fair to assume from the evidence at hand that 
natural infection of animals probably results from introduction of the virus 
through the epidermis by the bite of an infected insect. If this be true, the 
experimental infection of animals by the intracerebral, intraperitoneal, or intra- 
muscular route has no coxmterpart in nature and tests for susceptibility based 
upon such techniques may be questioned as far as the epidemiology of the disease 
is concerned. On the basis of laboratory experiments only animals that may 
be infected by inoculation of the virus intradermally or subcutaneously, or 
preferably by the bite of an infected insect, should be regarded as potential 
hosts. It should also be borne in mind that for an animal to play a role in 
cyclic transmission of the disease the virus, following introduction, must multiply 
to such an extent as to attain a concentration in the blood suflicient to infect 
the insect vectors. It has been foimd, for example, that some species of mammals 
following exposure to infected mosquitoes may circulate virus in low concentra- 
tion and subsequently develop neutralizing antibodies and yet be unable, or only 
rarely able, to pass the infection on to normal mosquitoes. It is not improbable 
that such low-grade infections giving rise to circulating antibodies may occur 
in nature when mosquitoes carrying the virus are present. Distinction should 
be made, therefore, between these low-grade, or so-called “dead end” infections, 
and those in which the virus circulates in adequate concentration to be readily 
transmissible to an insect vector, since the former can play no part in the con- 
tinuous propagation of the virus in nature. It is obvious that the best laboratory 
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means of ascertaining whether an animal may be integrally involved in the 
epidemiology of the disease is to determine if the virus may be maintained for 
a series of cycles by alternate passage through the animal and a Icnown efiScient 
vector. Indeed, in its epidemiological application it would be desirable to 
limit the term susceptibility to vertebrates that satisfy this criterion. 

Comparison and evaluation of reported laboratory experiments are further 
complicated by differences in host affinity among some of the jungle strains of 
the virus. It appears to be fairly well established that whereas certain mam- 
malian species are rather easily infected by one strain of jungle virus, they are 
resistant to infection with another strain. Lastly, it has been observed that 
the neutralization test, while highly specific in man, and with few exceptions 
among the primates, is not so dependable in other mammalian orders (17). 
Apparently some of the marsupials, and especially certain species of rodents, 
possess non-specific virucidal substances in the blood capable of inactivating 
yellow fever as well as other neurotropic viruses (18). This phenomenon, which 
will be referred to later, tends to vitiate the results of immunity surveys in 
these mammals. The above remarks will serve to indicate that laboratory experi- 
ments on suspected hosts should be viewed critically and their epidemiological 
implica- tions interpreted with caution. 

South American Vertebrates: In experiments on South American vertebrates 
syringe inoculations of graded doses of the ^drus have been most frequently 
employed. “Susceptibility” was gauged by the presence or quantity of cir- 
culating virus, and the subsequent development of specific immunity. In some 
instances, confined principally to primates, infection was accomplished through 
the bite of infected mosquitoes. Recently cyclic passages in combination with 
mosquito vectors have been used to determine the ability of animals to serve 
as temporary hosts of the virus in these cyclic passages. These studies combined 
are quite extensive and cover a wide variety of vertebrates. They have yielded 
useful information and permit making three rough classifications of vertebrates 
according to their susceptibility. 

1. Those that are definitely susceptible. Following dermal or subdermal 
introduction of the virus it rapidly multiplies and circulates for a period of 
several days, usually in high concentration, followed by demonstrable staunch 
immunity in the surviving host. Also, among those tested it has been found 
possible to maintain the virus in continuous cycles by alternate passage through 
an insect vector. This group probably embraces all of the South American 
primates.' At least all that have been studied, including a rather wide range 
of species in both families of the order, can be infected by subcutaneous inocula- 
tion of the virus and all of those tested can likewise be infected by the bite of 
mosquitoes harboring the virus (19, 20, 21, 22, 23, 24, 25). The only exception 
was encountered by Bates and Roca-Garcia (26) who found difficulty in infecting 
a Colombian species of Cebus monkey, yet species of the Brazilian Cebus are 
qui'te 'readily mfected ■with certain Brazilian strains of jungle yellow fever 
virus (22, 29). More recently continuous cyclic passages in combination 
with mosquito vectors have been reported in Saimiri (27), Aotus (28), Cal- 
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lithrix auriia, Cehus vermins (29), Callithriz penidllata and Leoniocehus 
chrysomelas (30). 

In addition, specifically .immune monkeys have been repeatedly captured in 
forested areas where yellow fever is endemic and following epidemic excursions 
of the disease (3, 10, 26, 31). Finally, during the course of the studies here 
reported, yellow fever virus was isolated on four separate occasions from captured 
marmosets (32). Thus, the evidence against the primates in general, and in 
some species in particular, is very convincing. Bates and Roca-Garcia (26) 
have given a very good summary and discussion of the incriminating information 
concerning primates as well as marsupials. 

2. Those that are definitely not susceptible. This includes all of the poikilo- 
thermal vertebrates examined (33). Also it is believed there may be placed in 
this group several of the bird families and all of the mammals belonging to the 
orders of Carnivora, Chiroptera, and Artiodactyla and probably most, if not 
all, of the Rodentia. 

Although not exhaustively studied, the Chiroptem are placed in this group 
because the specimens that have been tested, representing fruit and insect 
eatersand vampire bats, were found to be decidedly resistant to infection (34, 35). 

There have been published only a few observations on South American 
Carnivora (36, 37). They appear to be quite resistant and have been infected 
only when the virus was introduced intracerebrally. Laemmert has conducted 
some miscellaneous experiments (unpublished) with this order of ma mm als 
and none were found to circulate virus. The only exception to the generally 
negative results obtained with Carnivora is reported by Monteiro (38), who 
claims to have recovered virus from the blood of a dog three days, and from a 
cat 12 days, following inoculation. 

Likewise the Artiodactyla have not been extensively studied, primarily 
because they are rather scarce in Brazilian forests in which jungle yellow fever 
has been identified. In Colombia, where peccaries occur in considerable num- 
bers, four specimens of the species Tagasm tajacu were tested and two circulated 
small amounts of virus. Also one deer, Mazama sp., was tested but failed to 
circulate virus (39). 

. 3. Those about which knowledge is incomplete or inconclusive. There may be 
included in this group some, if not all, of the Marsupialia, Edentata, perhaps 
a few of the Rodentia and certain families of sylvan birds that have not been 
adequately studied. The interpretation of the laboratory investigations on 
this group is equivocal in that the virus may undergo multiplication and cir- 
culate in small to moderate amounts. Also, specific immunity may subsequently 
develop. It is uncertain, however, whether the amount of circulating virus is 
adequate for them to serve as hosts in cyclic transmissions imder natural condi- 
tions. The interpretation of immune reactions in certain members of this 
group is confusing since their sera may manifest non-specific idrucidal acti^dty 
against yellow fever, as well as other neurotropic viruses (18). 

The marsupials have been most extensively studied but the results have not 
always been consistent and in some instances have been contradictoi 3 % This 
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applies particularly to the relatively resistant members of the order. For 
example, Bugher et al (40) were able to demonstrate circulating virus in sbc 
of 56 (11 per cent) of Didelphis marsupialis following subcutaneous inoculation 
of a s m ?i.ll dose of virus, while Laemmert (41) was unable to infect this species 
even with much larger doses of Asibi and Brazilian strains of jungle yellow fever 
virus. Using the same Colombian strain (Martinez) employed by Bugher 
et al, he was able to demonstrate circulating virus in only one of 23 animals of 
this species. However, Bugher et al (31) on the basis of positive neutralization 
tests in D. marsupialis, captured in forests where the virus was known to be 
present, deduced that this species was involved in the cyclic transmission of 
the virus. Yet the difficulty of consistently infecting this animal in the labora- 
tory, the apparently low concentration of the virus in those infected, and the 
occasional presence of non-specific virucidal substances in the blood serum 
which may be confused with specific immunity to yellow fever, combine to 
cast considerable doubt upon the validity of this deduction. Laemmert was 
also unable (41) to infecfc D. paraguayensis. It would seem, therefore, that 
the members of the genus Didelphis are rather strongly resistant to infection. 

Of the Metachirops opossum, while perhaps less resistant than individuals of 
the genus Didelphis, only a small per cent circulate virus following subcutaneous 
inoculation (39, 40, 41). According to the combined experiments of Bugher 
et al (40) and Bates (42) virus was recovered in four of 43 animals, and Laemmert 
(41) obtained virus from nine of 34 specimens inoculated. Bates was unable 
to syringe-passage the infection serially in this species (42). 

Caluromys philander and C. laniger, woolly opossums, are certainly more 
easily infected than individuals of the foregoing genera (41), but there is not 
enough information on the amount of virus that circulates following infection 
to form an opinion on whether these species can serve as the vertebrate host in 
cyclic transmissions. In a few experiments Laemmert found that C. philander 
circulated virus following subcutaneous inoculation with two of the three jungle 
strains of virus employed. Bates and Koca-Garcia (26) succeeded in infecting 
C. laniger by the bite of mosquitoes in one of four trials. No continuous cyclic 
transmissions have been attempted. 

The most complete studies have been made with Metachirus nudicaudatus. 
- Both Bugher et al (40) and Laemmert (41) were able to infect Metachirus by 
subcutaneous inoculations and Bates (42) succeeded in making 10 serial passages 
by inoculating the serum from an infected animal intramuscularly into the 
next normal animal in the series. Later Bates and Roca-Garcia (26) found it 
possible to infect this species with mosquito vectors but were not successful, 
except occasionally, in transmitting the infection back to mosquitoes. How- 
ever, Waddell and Taylor (43) have shown that the virus may be maintained 
in cyclic passages with A . aegypti and Metachirus by substituting a marmoset in 
every other host passage. Moreover some jungle strains, referred to later, may 
be maintained in cyclic passage with mosquitoes without the substitution of 
marmosets in the cycles. 

The genus Mammsa includes a number of species. They are small fragile 
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animals, ill adapted to captive life. For this reason laboratory experiments 
are not very complete as they are frequently interrupted by premature deaths 
of the animals from extraneous causes. It is, therefore, difficult to carry through 
experiments on cyclic transmissions which demand a continuous supply of the 
host. They appear to be easily infected, perhaps vdth as great facility as the 
Metachims (41), and Waddell and Taylor (43) have succeeded in canying a 
jungle strain of AUinis through three Marmosa cinerea—A. aegypti cycles. The 
passages were discontinued for lack of additional marmosa. 

The published studies on rodents have been confined almost exclusively to 
infection by intracerebral inoculation. This vicarious route of inoculation has 
no epidemiological significance and it is believed may be disregarded as far as 
susceptibility in the epidemiological sense is concerned. It may be mentioned, 
however, that a number of wild rodents have been infected by this method 
(36, 44, 45), and Bates and Weir (46) succeeded in making brain passages of 
yellow fever virus in a Colombian cane rat (Zygodontomys). Laemmert (47), 
testing many species of vdld-caught rodents, has shown that several species 
circulate virus following subcutaneous inoculation. Some of these, such as 
the paca (Cuniculus paca), consistently circulate virus and develop a specific 
immunity. Other species, such as the squirrel {Gxierlinguetus ingrami) and 
one species of Oryzomys and Proechitnys respectively, also circulate small amounts 
of ^’il'us, but in an irregular manner, that is, some individuals of the species 
circulate virus and others do not. However, it has not been determined if the 
concentration of viinis in the blood stream of these species is sufficient to infect 
mosquitoes. Recently Hughes (48) has shown that a species of Proechimys 
developed specific immunity following exposure to infected mosquitoes but 
only traces of virus circulated and it is highly improbable that these animals are 
capable of passing the wrus to insect vectors. Species of Oryzomys and Ahodon 
gave negative results when similarly tested. Even more than marsupials, 
certain rodents possess virucidal substances in their sera which may be confused 
with specific immunity. Consequently, positive neutralization tests in captured 
specimens usually do not indicate that the animals have been infected with 
yellow fever virus. 

Some species of Edentates, notably armadillos (36, 39), have been infected in 
the laboratory. But again it is questionable if the virus circulates in adequate con- 
centration to infect insect vectors. At least there is no proof that the infection 
may be transmitted in this manner. Moreover, the habits of the armadillos argue 
against their being concerned in what is known of the epidemiology of the disease. 

Linhares (49) and Laemmert and Moussatch4 (50) have demonstrated that 
laboratory strains of virus, particularly strains manifesting neurotropism, may 
be passaged through the brains of young chicks but the latter (50) were not 
successful in making passages by the extraneural route, although circulating 
virus can usually be demonstrated for several days following inoculation. Very 
little has been published on forest birds and for this reason they have been 
placed in the group about which information is incomplete. However, L. C. 
Ferreira has conducted a considerable number of experiments at the laboratory 
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in Rio de Janeiro or the susceptibility of adult birds involving members of the 
following families: 


Tinamidac 

Anaiidac 

Catharlidae 

Falconidac 

Gracidac 


Rallidac 

Laridac 

Columhidae 

Caculidac 

Psiitacidac 

Fringillidac 


Sirigidac 

Cocrcbidac 

Thraubidac 

Iclcridac 

Ploccidac 


It was inferred from these experiments that birds of the above-mentioned 
families are resistant to infection by the extraneural route of inoculation. 
Although a great many sylvan species of birds remain to be investigated, the 
laboratory evidence so far accumulated is essentially negative in character. 
Nor have immunity tests on captured specimens produced any definitely in- 
criminating evidence. 

In sum, it may be concluded that according to laboratory experience the only 
animals that comply with the proposed criterion for susceptibility in the 
epidemiological application of the term are primates and perhaps some of the 
marsupials such as M. nvdicavdatus and, though information is incomplete, 
certain species of Marmosa and Caluromys. 

South American Arthropods: Investigations on vectors of the virus have 
involved laboratory experiments on the ability of arthropods to retain the 
virus for varying periods following infection; on their ability to transfer the 
infection by bite to a susceptible vertebrate host; and on efforts to identify 
the virus in wild-caught specimens. It is quite important to distinguish between 
mere retention of the virus in the body of the arthropod and the capacity both 
to retain and to transmit the virus by bite, as it is the latter function which 
characterizes a vector of the disease as we now understand it. 

In that yellow fever virus is capable of penetrating the epidermis, it is of 
course conceivable that the disease could be transmitted by the excreta of an 
infected arthropod being deposited upon the skin or by crushing of the body of 
the arthropod while it is feeding, as is known to occur in some of the rickettsial 
diseases. However, as will be discussed later, there is no epidemiological 
evidence supporting this manner of transmission among any of the vertebrates 
known to be susceptible to yellow fever virus. 

A predominance of the work on arthropod vectors has been confined to mos- 
quitoes although some miscellaneous experiments have been made with ticks, 
mites, fleas, lice, triatomas and haematophagous flies. 

Aragao (51) reported transmission of yellow fever from an infected rhesus® 
monkey to normal monkeys of the same species by the bite of Amhlyomma 
cajennense as well as by Omithodorus rostratus that were allowed to feed upon 
a normal monkey three or four days following the infective meal. He also 
found that the virus survived in the body of the ticks for at least two weeks and 


* Herein and henceforth in this paper the term “rhesus” will be used in place of Macaca 
mulaita. 
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in a single experiment was able to recover virus from the eggs of an infected 
tick. The eggs were deposited between tlie 11th and 14th day following the 
infection of the female and 11 days later the eggs were triturated and injected 
into a monkey. Da^^s (52) found that the virus may be retained b}'’ Argas 
pcrsicus six daj-s; A. cajnnicnsc 15 daj's; lihipiccphahis sanguinens 23 days; and 
Boophihis 7nicrophis {=Boophihts arnuilalus microphts) 10 days after feeding on 
an infected rhesus monl<ey. But he was unable to confirm the work of Aragao 
on transmission by bite or the passage of the virus from one generation of tick 
to another by egg. 

Monteiro (53) claims to have demonstrated yellow fever virus in the feces 
of bed bugs (species not identified) collected between the 2nd and 12th day 
folIo^ving feeding upon an infected rhesus monkey. Philip (54) was unable to 
transfer infection either bj' feeding Cimex Icclitlaritis or by inoculation of body 
suspensions following a “period of incubation.” Using Cimex liemipterns, 
Kumm and Frobisher (55) were not successful in verifying the observation of 
]\Ionteiro and found that the xdrus did not remain in the bodies of the bed bugs 
longer than two days following the infective meal. 

It has been shomi (56, 57) that the idrus may be retained by adult Triatoma 
megisia for eiglit to 10 days but not as long as 14 days. Out of six attempts one 
was successful in transmitting the xdrus by interrupted feeding, i.e., by permitting 
the insects to feed partiall}’’ on an infected monkey and then transferring them 
to a normal monkey for completion of the blood meal, but after a period of 
incubation between meals no transmission occurred. Nymphs, following 
repeated feedings on infected monkeys, failed to show virus when tested 14 days 
after the last infective meal. 

Philip (54) was able to transmit the infection by removing “100 or more 
Pedicinus sp., the common monkey louse” from an infected monkey and injecting 
a suspension prepared from the lice into a normal monkey. There is no informa- 
tion on the length of time the virus may be retained by the lice. 

Da\is (52) mentions in his paper on ticks that virus was demonstrable in 
chicken mites (genus or species not determined) six days following feeding on 
an infected monkey. 

Hoskins (58) was unable to transmit the infection by interrupted feeding of 
dog fleas {Ctenocephalides cants) nor was the virus demonstrable in the bodies 
of the fleas 18 hours after the infective blood meal. 

The same author (58) also conducted some experiments with Stomoxys 
caldiratis, and while this fly did transmit the infection by bite as long as six 
hours after the infective meal, it was not capable of doing so after 16 hours, 
nor did the virus remain viable in the bodies of the flies longer than 42 hours. 

A considerable number of ectoparasites and species of SimuUum and 
Phlehotomus have been collected in forests where yellow fever virus was known 
to exist and examined for the presence of the virus, with entirely negative 
results (31, 59). 

The study of mosquitoes, as carriers of the virus both in nature and in the 
laboratory, has been much more exhaustive. Indeed virtually all of the genera, 
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if not all of the species, of mosquitoes found in significant numbers in association 
uith yellow fever in South American forests have been subjected to investiga- 
tion in one way or another. It will facilitate presentation of the evidence on 
mosquitoes to group them under the following headings: 

Found infeded in nature: This group includes the species of mosquitoes found 
to be harboring the virus when captured. It may be subdivided into (a) those 
in which the virus was demonstrated by permitting the mosquito to feed upon 
a susceptible animal (monkey) and (b) those in which the virus was identified 
by inoculating a suspension of triturated mosquitoes subcutaneously into 
monkeys, or intvacerebrally into mice. 

(a) Transmitted by bite: Acdcs Icucocdnenus (60), Hacmagdgus capricorniF 
(31, 59, 60), and possibly Haemagogtts ludfer, and/or Hacmagogus cquinus (59). 

(b) Virus identified by inoculation only: Sabdhmi spp. (60). 

Infeded in the laboratory; transmilicd by bite: Acdcs scapuJaris (61, 64), 
Aedes fluviaiiiis (56, 64), Hacmagogus janthinomys (65) (probably H. spegazzinii 
(66)), Haemagogus equinus (29, 67), Hacmagogus spegazzinii (29), Hacmagogus 
capricornii (27) (see footnote® — probably H. spegazzinii subspecies jalco), 
Aedes leucocelaenus (68), Trichoprosopon froniosus (69), Aedes aegypli. In ad- 
dition there are three species concerning which the evidence is equivocal, or 
could not be consistently verified; Aedes iaeniorhynchus (56, 64), Culex fatigans 
(70), Psorophora ferox (64). 

Infected in the laboratory; retained virus but failed to transmit it by bite: Aedes 
serratus (61, 71), Aedes terrens (64, 71), Aedes nubilis (64), Mansonia albicosta 
(64, 70), Mansonia fasciolata (64, 71), Mansonia chrysonoium (64, 71), Mansonia 
titillans (55), Mansonia juslamansonia (64), Psorophora cingulala (71). 

From the epidemiological aspect, the finding of virus in ndld-caught mos- 
quitoes is of greatest interest. It has been isolated on 17 occasions from the 
gep-Us Haemagogus, three times from Aedes leucocelaenus and once from Sabethini. 
When virus isolations were attemped all captured mosquitoes, irrespective 
of species were examined, so in this respect comparisons are legitimate. Vdule 
the number of isolations is small it may reflect to some extent the relative 
importance of Haemagogus spp. and A. leucocelaenus as natural vectors of 
the disease. It will also be noted that both of these mosquitoes have been 
shown to be effective vectors in laboratory experiments. The unique isolation 
of virus from Sabethini was accomplished by inoculating intracerebrally into- 
mice a suspension of a mixed group of 88 specimens composed of Sabethoides, 
Limatus, Wyeomyia, Goeldia, and Trichoprosopon. Twenty-one mosquitoes 
of the same group which were allowed to feed upon a normal monkey failed 
to cause infection. 

® The names and descriptive references of mosquitoes are reproduced here as given by the 
authors, although in some instances they are probably not correct. For example, the 
recent publication of Cerqueira and Lane (62) on capricornii and that of Kumm, Osorno- 
Mesa, Boshell-Manrique (63) on Colombian species of Haemagogus indicate that the Haema- 
gogus species designated by Bugher et al (31, 59) as capricornii is H. spegazzinii sub-species 
falco. 
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DESCRIPTION OF COLLECTING STATIONS 

Although some miscellaneous collecting was done in various localities in the 
Studij Area and a good many animals, principally primates (marmosets), were 
purchased from local trappers, most of the collections were made at four stations. 
The selection of these stations was influenced by the human immunity surveys, 
the flora of the region and by transport facilities. It was desired to locate at 
least some of the stations where the virus had been present and where presum- 
ably there was a good chance of encountering it during the course of the study. 
In the beginn i ng the onl^’’ evidence in this regard was furnished by the diagnosed 
fatal infections and by human immunity surveys made prior to and during the 
incipiency of the investigation. It was also desired to study and compare 
. different ecological environments as reflected by the dominant character of the 
forest aggregates, and lastly it was essential to locate the stations where trans- 
portation of the collected material to the field laboratory at Pontal could be 
accomplished regularly and without great delay. Subsequently the location 
of one of the stations was dictated by the isolation of yellow fever virus from a 
marmoset captured by a local trapper. Immediately thereafter intensive 
collections were commenced in the locality and continued at intervals until 
the close of the study. The stations are designated: Fortuna, Pirataquicd, 
Urucutuca, and Ahnada, corresponding with the names of the fazendas, or 
nearest village. 

Before proceeding to describe the collecting stations, it will be appropriate 
to indicate briefly the essential differences between old-or primary-type forest 
and young-type forest. The former possess a greater variety of species and 
fewer components of each species, while the latter or young-type forest is not 
so rich in variety of species but contains proportionally greater numbers of the 
species present. In addition the older forests have a higher and usually more 
homogenous and denser canopy of foliage which creates a more effective shade 
with the stunting or elimination of undergrowth. Another feature which 
characterizes and affects the environment in the older forests is the abundance 
of lianas and epiphytes in or immediately below the foliage canopy. 

The Fortuna station located at the southern boundary of the Studi/ Area was 
the first to be established. The location was chosen primarily because two 
fatal human infections were contracted in this vicinity in 1941 and also because 
it is on the northern edge of the massive climax forest that extends southward. 
The region is sparsely inhabited and is the nearest approach to a frontier zone. 
It is connected with Pontal by an unimproved dirt road which, however, can 
usually be negotiated by automobile. The small amount of cultivation, consist- 
iug of patches of mandioca and a few cacao plantations, and pasture land along 
the stream beds and narrow valleys, is of recent origin. Old or only slightly 
molested forests cover the high rolling hills. The dominant type of the forest 
aggregate at this station is primary in character. Both animals and mosquitoes 
were collected principally in'the old-type forests, although some were collected 
along the periphery of a cacao plantation where there was an intermixture of 
second grovd^h. 
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‘ The station at Pirataquice, located on a fazenda that has been exploited for 
many years, was the second to be established. It likewise was located in an 
extensive forested area due west of Ilh4us and south of the road leading to 
Itabuna. It is incorporated in the forested belt that runs along the eastern 
border of the Study Area and then widens to the south to include the Fortuna 
station. The forests at these two stations are similar in that they are pre- 
dominantly of the old type, but the ones in Pirataquic4 are megathermal- 
hygrophilous while at Fortuna they are mesothermal in character. The flatter 
terrain in this section permits more land to be under cultivation, mostly covered 
with older cacao plantations and some patches of mandioca and pasture fields. 
As at Fortuna, most of the captures were made in the older type of forest although 
some were made bordering on cacao groves where the trees are of younger age. 
Nonetheless, in analyzing the data it seemed justified to place the captures 
made at this, as well as the Fortuna station, in the category of old-type forests. 

The station at Urucutuca was chosen because of an extensive swamp area 
that is under water during the more rainy months and has thus given rise to a 
special type of vegetation. In the flooded area the vegetation is low and aquatic 
in character but on more elevated patches of ground and about the edges other 
species are found. The patches of forest about the edge of the swamp are 
mostly second growth while those on the islands are representative of climax 
forest. It was principally on this higher land that the collections were made 
and, although the environment was no doubt affected to some degree by the 
proximity to the swamps, in certain group analyses the captures made here 
have been amalgamated with those made in second-growth or younger-type 
forests at the not far distant Almada station. 

^ Collections at the Almada station were initiated following the isolation of 
virus from a marmoset and thereafter it was added to the regularly visited 
stations. Both Urucutuca and Almada are situated along the railroad line in the 
northeastern section of the Study Area. Nearly all of the arable land in this 
region is devoted to the cultivation of cacao and such forests as remain occur on 
MU tops, along stream beds, in swamps, or on permanently or periodicaUy 
flooded land. Ihese forests, with few exceptions, are of rather recent second 
growth because individual trees are cut as they reach a suitable size for fuel 
and for building purposes. WMle Urucutuca touches upon the narrowed belt 
of forest extending along the eastern border, Almada Ues to the west although 
not far distant from tMs belt. As a result of the intensive cultivation of cacao 
this section is more densely populated than areas near Fortuna or Pirataquic4. 


FIELD AND LABORATORY METHODS 

The pneral plan was to collect at each station for a period of eight days then move on to 
the next station in sequence. As a day was required for assembling the traps, two days for 
rest of the field crew between each move, and a day in setting traps at the next location, 
a tour of al four stations was completed each 48 days. There were some exceptions to this 
nile, notably during the first_ stands at Fortuna and Pirataquic^ which were somewhat 
longer and at Almada following the isolation of virus. A part of the enlarged field crew 
was left at Almada and continuous captures of animals and mosquitoes were made in the 
Vicinity for a penod of four months. 
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In the beginning there was some experimenting done on the techniques of collecting but 
these were soon standardized, and in order to render the collections comparable the same 
kinds of traps, the same character of bait for trapping animals, and the same methods of 
capturing mosquitoes were employed at each station. 

Trapping of Matrimals: At each trapping station trails were cut through the forest 
and traps were set along either side of the trails at distances of 20 to 30 meters depending 
upon the availabilitj’’ of suitable sites. Most of them were set upon the ground but some 
were placed on logs, others on leaning tree trunks or in lianas at elevations of 1 to 2 meters. 
A few were located on tree platforms 10 or more meters above the ground. 

Several sizes and types of traps were used, ranging from a tin-cap trap to a large col- 
lapsible wire trap. The one used most extensively was a rectangular wire mesh trap with a 
grawty-drop door and a false-floor trigger attachment. These traps have been described by 
Gilmore (72), Some Schujder traps were employed, largely for exploratory trapping in 
relatively inaccessible places and for locating attractive sites and runways. The total 
number of traps in operation varied from 100 to 125. 

Corn and bananas were most commonli' used as bait. Papaj’^a and other local fruits were 
used at times, and on occasion traps were baited with meat, usually bird or animal carcasses. 
The best results were obtained with well-ripened bananas. 

The same trails were used during each successive visit to the station although the exact 
position of the traps varied. The traps were visited each morning, captured animals were 
removed and fresh bait was supplied. The animals were then sent to the field laboratory for 
measuring, weighing, species identification, withdrawal of blood and collection of ecto- 
parasites. 

As it was desired to obtain primates from different sections of the Siudg Area, the as- 
sistance of local trappers was solicited. WTiere active local agents could be found, the 
effort proved very successful and by far the larger number of marmosets was obtained by 
this means. Also a few primates were shot. 

Collection of Mosquitoes: Mosquitoes were collected on the ground and at elevations in 
the trees varying from 10 to 20 meters depending upon the height and the character of the 
surrounding foliage. Platforms, reached by ladders, were constructed in some trees while 
others were scaled with climbing irons. Trees were selected which appeared to be most 
suitable for capturing haemagogus mosquitoes.’^ Captures were made in at least eight 
trees, approximately one hour being spent in each. The trees w'ere situated in the vicinity 
of the trails where the animals were trapped, and the same ones were used during each tour 
of the station unless, due to poor captures, it was advisable to select a new tree. 

Most of the captures were made free hand, the collector serving as bait. Care was taken 
to capture the mosquitoes immediately after they settled and before they had opportunity 
to draw blood . Any mosquitoes containing blood were discarded at the laboratory in order 
to avoid the possibility of the virus being neutralized, since all of the capturers were vac- 
cinated against yellow fever. In the beginning Simplex suction tubes were employed, but 
this method was soon abandoned in favor of small flat-bottomed tubes, capped with snugly 
fitting inverted cups of Monel wire mesh. The'^bottom of each tube contained a layer of 
moistened blotting paper. The mosquitoes were captured individually in these tubes 
which were then placed in racks in a wooden box for transportation to the laboratory. 
This method avoided transfer of the mosquitoes and facilitated their classification in the 
laboratory. Also the mortality during transport was reduced to a minimum. The mos- 
quitoes usually arrived at the laboratory within 24 hours after capture. Hourly records of 
the temperature and of the state of the weather were kept and the hour of capture was noted 
on the mosquito containers. 

Collection and Observation of Bi rds: During the greater part of the study the information 
collected on birds was limited to observing the species present, their relative numbers, 

'' We are indebted to Dr. Jorge Boshell-Manrique, who visited the Study Area, for pving 
us some valuable advice on capturing haemagogus mosquitoes. 
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breeding Imbils, and evidence of inigralioiifi, e(e. Only enoiigb apeeirneriK verc sbol lo 
verify their identilj". 

Later a technique was developed which proved aatisfaelory for obtaining specitnenB of 
blood and liver. The field equipment for this oi)cralion wa.s carried in a knap.sack and 
eonsisled of scissors, straight and artery forcep.s, shortened tc.st tubes (10 X 3.0 inm.), rub- 
ber stoppers to fit, 2 and 5 cc. syringes with 20 or 22 gauge needle.s attached, all separately 
wrapped in paper and previously sterilized in the laboratory, cotton, a bottle of alcohol, 
and a wide-moulh thermos flask containing ice. 

When a bird was shot it was immediately retrieved and was stunned by a blow on the 
head, if not already unconscious; the feathers over the chest were separated and the exposed 
skin was swabbed with alcohol. Tlie chest wall was then oi)encd with a pair of scissors ex- 
posing the heart, and while the assistant separated the chest wall with arterj’ forceps, the 
needle with the syringe attached was iilunged into the palpitating heart. The withdrawn 
blood was placed in one of the tubes. A section of the liver was then snipped off with an- 
other pair of sterile scissors and placed in a second tube. After being tightly stoppered the 
tubes were placed in the thermos and sent to the laboratory'. ICxperieneo has shown that by 
using the proper bore gun and size of shot (No. 12 for small birds) an adequate quantity of 
sterile blood can be obtained from SO per cent of the specimens. 

i.AnonA.TonY rnocnniTiins 

It was a fixed rule that no \drus should be retained at the Ponlal laboratory. When the 
laboratory was established no yellow fever virus was taken there, and ns soon ns a virus was 
isolated and the preliminary neutralization test performed to determine whether or not it 
was that of yellow fever, it was immediately dispatched by nir-express to Pio de Janeiro. 
Consequently, all of the neutralization tests on sera and further study on viruses isolated 
were made in the central laboratory at Hio dc Janeiro. This procedure was followed, first 
and foremost, to avoid any possibility of an accidental contamination by a laboratory strain 
of virus being mistaken for the isolation of virus from captured arthropods and animals, 
and secondly, it was desired to perform no more work at the field laboratory than was 
essential. 

Mammals: The animals captured at the diticrent stations were brought to the labo- 
ratory for identification and to be tested for the presence of virus or antibodies in their sera. 
They were lightly anesthetized with ether, their ectoparasites were removed, and their 
weights and measurements recorded. The measurements taken included body^ length, 
tail length, length of foot and length of ear. These data were of aid in determining the 
species and the relative age of the animal. The sex was recorded and also the phase of the 
reproductive cycle if the animal was a female. The skin and skulls of all animals about 
which there existed any question of identity were preserved for future reference. In addi- 
tion skin and skull specimens of approximately 60 per cent of all animals captured were 
prepared and subsequently presented to the National liluseum of Natural History at Rio de 
Janeiro. 

A blood specimen was obtained from each animal and the separated serum placed in 
ampules was sent to the Rio de J aneiro labor.atory for a neutralization tost. In addition the 
blood from animals other than marmosets was tested for the presence of yellow fever virus 
by subinoculating the serum into non-immune marmosets. As the supply of marmosets 
did not permit subinoculating the serum from individual animals, the sera from animals of 
the same species were pooled. The marmosets inoculated were tested at intervals for circu- 
lating virus and the development of immunity as later described. 

The blood serum from marmosets was not routinely subinoculated, as it had been estab- 
h^ed that marmosets either die of the infection or develop neutralizing antibodies. 
The marmosets were bled on receipt at the laboratory in order to secure serum for immunity 
tests, and were kept under observation until the result of this test became known, usually 
for a mimmum period of two weeks. A majority of the non-immune animals were used 
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eventually for experinieiital injections. . Before. use they were rebled and the second serum 
specimen tested. This procedure was employed to detect possible infection prior to 
capture, at a time so recent that antibodies had not developed when the marmoset was 
first bled. If a mannoset died during this observation period, it was autopsied and if the 
findings suggested j’cllow fever, passages to mice were made of its serum and liver tissue. 
A portion of the liver and also a sample of the serum were preserved by desiccation from the 
frozen state. Portions of the more important organs of all marmosets dying while under 
observation were prepared for histopathological e.vamination. 

Mosgut'locs: IVhen field collections of mosquitoes were received at the laboratory, 
the insects were identified individually and recorded by genera or species and place of 
capture. The insects collected on each day were then pooled, by genus or by species, into 
four groups. Group A was composed of all of the mosquitoes included in the genera Tri- 
choprosopon, Wijcomi/ia, Phouiompia, Linialus and Saheihes. Group B included all of the 
mosquitoes in the two genera Acdcs and Psorophora. Group C comprised all of the 
Chagasia, Anopheles, Taeniorhynehus and Ctilcx. Group D included the genus Haemagogus 
only. 

After being combined into these groups the mosquitoes were killed by exposure to cyanide 
fumes. The insects of each group were then ground in a mortar without abrasive and 
suspended in a serum-saline solution in proportion of 0.05 ml., for each mosquito. The 
serum-saline solution used here and referred to elsewhere consisted of one part of normal 
rhesus monkey serum in nine parts of 0.9 per cent NaCl solution. If there were less than 
20 insects in any group, a minimal quanlitj' of 1.0 ml., of diluent was used. The mosquito 
emulsion was centrifuged for 20 minutes at a speed of 2000 r.p.m. The resulting super- 
n.atant was injected cither into a rhesus monkej' or into a marmoset. The total volume 
of the supernatant was inoculated provided it did not exceed 3.0 ml., which for reasons 
of to.xicity was the maximum given. The inoculated animals were bled every three days 
and their sera wore injected into mice to test for the presence of virus. Separate animals 
wore used for each collecting station and for each mosquito group. The animal received 
successiv'c daily inoculations during the collecting period at a given station. Ten to 14 
days after the termination of the series of injections the animal was bled again and the 
serum sent to llio de Janeiro to be tested for the presence of neutralizing antibodies. 

Ectoparasites: Ectoparasites were collected by wTapping the animal in a white cloth, 
placing it in a jar containing ether and when the animal was under light anesthesia removing 
it and combing its fur while holding it over the cloth. Any parasites present about the 
ears were removed with forceps. All parasites collected during the first two months of the 
stud}' were presers'ed for identification; those collected in the later months were tested 
for the presence of virus. All parasites obtained from rodents on any one day were com- 
bined into one group, those collected from marsupials formed a second group. The para- 
sites were triturated and a 10 per cent suspension was made in serum-saline solution. 
Following centrifugation of the suspension at 2000 r.p.m. for 10 minutes, two marmosets 
were injected with the supernatant, a volume of 1.0 ml., being used for each inoculum. 
The same two marmosets were used for repeated injections of parasites derived from the 
same order of animals during a collecting period. The marmosets were tested for circulat- 
ing virus and for immunity according to the methods described for monkeys injected with 
mosquito emulsions. 

Birds: The liver specimens taken in the field were triturated and a 10 per cent sus- 
pension was made in scrum-saline solution. Following light centrifugation the supernatant 
was inoculated into a group of six white mice. Each mouse received 0.03 ml., intracere- 
brally. The blood serum was subjected to the neutralization test. 

Ideniificaiion of Virus: If any mouse became ill, following the injection of material 
being tested for the presence of virus, it was sacrificed and the brain was removed under 
aseptic precautions. The brain was triturated in sufficient saline to make a 10 per cent 
concentration by weight and the suspension centrifuged at 2000 r.p.m. for 20 minutes. The 
supernatant was used in a specificity test designed to determine whether or not the in- 
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fectiouB agent was yellow fever virus. A portion of the supernatant was also. preserved by 
desiccation from the frozen state. 

As previously stated, all viruses isolated were sent to the Central Laboratory at Eio de 
Janeiro for confirmatory identification and further study. All of the infectious material 
at the field laboratory was then destroyed. 

N eutralization Tests: Blood samples for the neutralization test were collected as above 
described. The sera were separated, placed in ampules, sealed and sent by air-express to 
the laboratory at Rio de Janeiro where they were tested according to the technique de- 
scribed in Part I. 


RESULTS 


Ecology 

This does not presume to be an ecological study in the general application of 
the term. Only such information was collected as would seem to have direct 
bearing upon the epidemiology of jungle yellow fever. The following data 
which have been placed under the caption of ecology are confined to the relative 
prevalence of animals and mosquitoes in the different types and levels of sylvan 
vegetation, and to such information as was obtained on the breeding season 
of animals and the quantitative seasonal fluctuations in certain species of 
mosquitoes. 

Any method of collecting animals is necessarily selective and usually does 
^t reflect the actual prevalence of the different species inhabiting the forests. 
However, it is usually possible to obtain a fairly accurate comparison of the 
animals m ^erent types of forests by using the same traps and the same kind 
of bait at all collecting stations. Marmosets and perhaps other arboreal animals 
may constitute an exception to this rule as it is much more difficult to trap 
marmosets in old extensive forests than in cacao groves and small patches of 
secon^d-groMh forests. This is due to their feeding habits and obstacles en- 
countered m placmg traps at attractive sites in the old high forests. Also, 
marmosets can be observed with greater facility in small patches of forests 
and their excursions into cacao groves noted, thus making it possible to set the 
traps in places they tend to frequent, 

A total 22 mammals was collected, consisting of the following orders; 

(34.8 per cent); Marsupialia 
,0 ^ Chiroptera 81 (1.5 per cent); Carnivora 28 (0.5 per cent); 

Edentata 21 (0 4 per cent) and one specimen of Artiodactyla. As stated above 
most of the coUections, with the exception of primates, were made at the four 
stations. The total number of “trap-nights’V^of all types 'of traps at each of 
these four stations w^: Pirataquic^ 11,455, Fortuna 7,644, Almada 7,969, 
Umcutuca 5,840, makmg a grand total of 32,908. The trap-nights were cal- 

cu a e y mu ip 3 ang t e number of traps by the number of nights the traps 
were scua 

A hst of the animals classified by genera or species and by the type of vegeta- 
tion at the site of capture are presented in Tables 5 and 7. Consideration of 
the breedmg seasons and relative quantity of mammals in different environments 
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will be limited to rodents, marsupials and primates, since these are the only- 
orders about -vs'hich adequate data were obtained. Collections made at the 
Pirataquic6 and Fortuna stations arc grouped (Table 5) under “Old-type 
forest” and those made at Almada and Urucutuca are grouped under “Young- 
type forest” or “Swamp forest.” Significant differences between the captures 
at each of the four stations will be noted in the text. 

RodeJits: The genus Onjzomys accounted for 57.7 per cent of all rodents 
captured. The six most common species were Onjzomys oniscus (38.2 per cent), 
Nedomys sqiia77iipcs (13.8 per cent), Oryzoynys sp. (11.6 per cent), Ahodon 
nigriia (11.1 per cent), Akodon arvicidoidcs (9.0 per cent), and Oryzomys eliurus 
(7.9 per cent). The remaining 14 identified species were found in relatively 
small numbers (Table 5). 

Notable deviations among the species captured in different types of forests 
arc: N. sqiiamipcs, though found at all stations near streamlets, was most 
frequent in swamp forests (Urucutuca); 0. oniscus ivas found in greater numbers 
in old-tyTie forests, whereas 0 . clhirus w'as found largely in young-type forests; 
-4. nigrita is a common inhabitant of old-t 3 '^pe forests and rare in swamp forests, 
but the other species of this genus, A. arvicxdoides, is common in both young-type 
and swamp forests and rare in old-tjTpe forests. Proechimxjs setosiis was found 
almost exclusiveh’’ (33 of 34 specimens) in the old-type forest at Fortuna. 

Judged bj' the capture of pregnant females and young specimens, there are 
two principal breeding seasons, one from January to IMay and the other from 
August to November. No pregnant females and few young were taken during 
the months of June, July and December, The highest percentage of young 
were captured in April and Ma 3 ^ 

Marsupials: The five more common species, constituting 94.3 per cent of 
1,040 marsupials captured are listed below-. (See also Table 5.) 


Ptr cent 


Mciachirus nudicaudalus 27.1 

Didelphis marciipialis 23.8 

Marmosa cincrca 17.1 

Marmosa nutrina 13.7 

Marmosa incana 12.6 


A few Marmosa agilis (3.9 per cent) and Monodelphis americana (1.6 per cent) 
and one each of Chironectes minimus and Metachirops opossum'Vf ereaho captured. 

Metachirus nudicaudalus and Didelphis marsupialis comprised most of the 
animals captured in old-type forests. With the exception of M. cinerea, few other 
species of Marmosa were obtained at these stations. On the other hand, Mar- 
mosa were quite frequent in young-t 3 T)e and swamp forests. No specimens 
of Metachirus were trapped in swamp forest. 

Females -with pouch-young were captured during each month of the year, 
but the principal breeding season begins in September and extends through 
March. During the remaining months of the year, the breeding is much reduced. 

The munber of rodents and marsupials captured per 100 trap-nights and -with 



TABLE 5 

List of mammals collected {excluding ‘primates), classified according to order, genus or 
species, and type of vegetation where captured 


TVTE or VECETATtOH 


OEOEE, GEiroS OE SPECIES 

Old-type Forest 

Young-type 

Forest 

Swamp 

Forest 

Miscellane- 

ous 

Grand Total 


No. 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

Marsupialia 











Didelphis marsupialis L. 

156 

32.4 

57 

14.0 

19 

31.1 

15 

16.5 

247 

23.8 

Metachirops opossum (L.) 
Metachirus nudicaudatus 

1 

0.2 







1 

0.1 

(E. Geoffroy) 

206 

42.7 

62 

15.3 



14 

15.4 

282 

27.1 

Chironectes minimus 



Zimmer maim 







1 

1.1 

t 

0.1 

Marmosa cinerea (Tern- 








minck) 

61 

12.7 

85 

20.9 

10 

16.4 

22 

24.2 

178 

17.1 


Marmosa murina (L.) . . . 

26 

5.4 

88 

21.7 

10 

16.4 

18 

19.8 

142 

13.7 

Marmosa incana (Lund) . 
Marmosa agilis Bur- 

6 

1.2 

102 

25.1 

19 

31.1 

4 

4.4 

131 

12.6 

meister. 

16 

3.3 

0 

1.5 

O 

4.9 

16 

17.6 

41 

3.9 




Monodelphis americana 











(Muller) 

10 

2 1 

0 

15 



1 

1.1 

17 

1.6 








Total Marsupialia 

482 

100.0 

406 

100.0 

61 

99.9 

91 

100.1 

1040 

100.0 


Rodentia 











Raitus rattus raitus (L.) . . 
Rattus rattus frugivorus 

4 

0.3 

1 

0.1 





5 

1 

0.2 

Raf 

3 

0.2 

1 

0.1 



2 

2.1 


0.3' 





0 

Oecomys cinnamomeus 
(J. Piet. & C. Piet.) . . . 
Oryeomys eliurus 

3 

0.2 

12 

1.6 

1 

0.7 

13 

13.7 

29 

1.3 

(W agner) 

10 

0.8 

163 

21.4 


4.1 


3.2 

182 

7.9 

Oryzomys oniscus 

D 

3 






(Thomas) 

700 

54.1 

147 

19.3 

23 

15.5 

8 

8.4 

878 

38.2 

Oruzomvs sv 

146 

11.3 

95 

12.5 

11 

7.4 

14 

14.7 

266 

11.6 

Nectomys squamipes 








Brants 

146 

11.3 

84 

11.0 

77 

52.0 

11 

11.6 

318 

13.8 

Rhipidomys maculipes 







(J. Piet. & C. Piet.) . . 
Akodon arviculoides 

11 

0.9 

31 

4.1 


3.4 

6 

6.3 

53 

2.3 

(Wagner) 

11 

0.9 

165 

21.6 

21 

14.2 

10 

10.5 

207 

9 0 

Akodon nigrita (Licht.) . . 

192 

14.8 

58 

7.6 

2 

1.4 

3 

3.2 

255 

11.1 

Blarinomys breviceps 

(Winge) 

5 

0.4 






2.1 


0.3 

Phyllomys hlainvillei 






2 

7 

(Jourdan) 

3 

0.2 

1 

0.1 


0.7 




0.2 



1 



K 

Phyllomys brasiliensis 








Waterhouse 

5 

0.4 








, 0.2 
0.1 

Isothrix Picta (Pictet).. . 
Procchimys setosus 


1 

0.1 



2 

2.1 

5 

3 

(Drsm.'l 

33 

2.6 


0.1 






1.5 


1 





34 

Coendou melanurus 









2 

0.2 








0.3 

Chaciomys subspinosus 






4 

4.2 

6 

(Kuhl) 

3 

0.2 





11 

11.6 

14 

0.6 








38 
























TABLE 5 (Concluded) 


TYPE OP VEGETATION 


ORDER, CENtrS OR SPEOES 

Old-tj-pc Fores 

Young-type 

Forest 

Swamp 

Forest 

Miscellane- 

ous 

Grand Total 


No. 

Per 

cent 

No. 

Per 

cent 

No 

Per 
• cent 

No 

Per 
■ cent 

No. 

Per 

cent 

Rodentia — Continued 



■ 


■ 

■ 





Dasyprocta aguti (L.) 

5 

0.4 



■ 

B 


2.1 

7 

IB 

Galea wellsi (Osgood).. . 
Gucrlinguctus tngrami 



■ 

0.1 

1 

1 


3.2 

4 

m 

Thomas 

12 

0.9 

2 

0.3 

■ 


1 

1.1 

16 

B 



■ 

Total Rodentia 

1,294 

100.1 

763 

100.0 

148 

100.1 

95 

100.1 

2,300 

100.1 


Carnivora 


■ 

■ 








Procyon cancrivorus v. 


HI 









Ihering 

1 

IH 







1 

3.6 








Potosjlavus (Schreber).. . 

17 

ml 







17 


Tayra barbara (L.) 

1 

5.0 







1 

3.6 

Grison vittatus (Schreber) 
Dnsicyon (C.) thous 






3 


3 



(Wied) 

1 

5.0 

2 




3 














Total Carnivora 

20 

100.0 

2 

100.0 



6 

100.0 

28 

100.0 










Edentata 











Scacopus torquatus (111.). 
Tatnaridua Iclradaclyla 

5 

55.6 



1 

100.0 

2 

20.0 



(L.) 








70.0 


33.3 

Dasipus novemcinctus L. 

4 

44.4 

1 




i 

10.0 


28.6 


9 

100.0 

1 

100.0 

1 

100.0 

10 

100.0 

21 

100.0 











Chiroptera 











Glossophaga soricina 








4.5 


23.5 

(Pallas) 

7 

38. 9 

11 

KiiMta 



1 

Lonchophylla mordax 








27.3 


17.3 

Thnmflfi. 

3 

16.7 

4 

11.1 

1 


6 

Lonchoglossa ecaudata 








13.6 


6.2 





2 

5.6 



3 

5 

Carollia perspicillata (L.) 
Artibeus p. planirosiris 



■ 

19.4 

1 

B 

2 

9.1 

9.1 

m 

12.3 

2.5 

(Spix) 







2. 


Molossus rufus 



H 





22.7 

D 

14.8 

(Geoffroy) 



B 

19.4 



5 

Molossus obsctirus 










1.2 





2.S 






Not classified 


m 

4 

11.1 

3 

■ 

3 

mt 


22.2 

Total Chiroptera 

IS 

lOO.O 

36 1 

00.0 

5 1 

00.0 

22 

99.9 

81 1 

00.0 

Artiodactyla 

■1 

■ 

■ 

B| 

■ 

■ 

■ 

■ 

i 

^B 

Tagassxc tajacu L 

■ 


B 

^■1 

■ 

H! 

!! 

H! 


Grand total 


■ 


B 

31 

B 

ii 

ii 

ii 

^H 


39 
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di&erent types of traps at each of the four regular collecting stations is sho-«Ti 
in. table 6. 

As the ratio of trap-nights of the different types of traps employed was not 
exactly the same for each station and as there was a marked variation in the 
number of rodents and marsupials captured in the different types of traps, the 


TABLP 6 

Captures of rodents and marsupials per 100 trap-nights by station and type of trap 


STATION 

FORTtrNA 

PIEATAQUlCfe 

ALMADA 

URUCUTUCA 

rrap-nights by type 
of trap 







■ 

■ 

Collapsible wire . . . 

1647 

2736 

1503 


Rectangular wire. . 

2920 

3680 

3026 

KliB 

Tin can 

1439 

2377 

1415 

■ B 

Ratoeira and 


1 







Schuyler 

1638 

2662 

2025 

1496 

Total. .'. 

7644 

11455 

7969 

5840 

CAPTURES BV TYPE OF TRAP 

RO- 

MAR- 

RO- 

MAR- 

RO- 


RO- 

MAR- 

DENTS 

SUPIALS 

DENTS 

SUPIALS 

DENTS 


DENTS 

SUPIALS 

Collapsible wire 

5 

14 

28 

124 

1 

27 

0 

15 

Captures per 100 









trap-nights 

.30 

.85 

1.02 

4.53 

.07 

1.80 


1.42 

Rectangular wire 

280 

85 

638 • 

144 

250 

141 

356 

92 

Captures per 100 









trap-nights 

9.59 

2.91 

17.34 

3.91 

8.26 

4.66 

16.67 

4.31 

Tin can 

125 

5 

148 

11 

34 

15 

144 

14 

Captures per 100 









trap -nights 

8.69 

.35 

6.23 

.46 

2.40 

1.06 


1.22 

Schuyler 

5 

9 

8 

25 

15 

31 

4 

16 

Captures per 100 









trap-nights 

.31 

.55 

.30 

.94 

.74 

1.53 

.27 

1.07 

Total 

415 

113 

822 

304 

300 

214 

504 

137 

Captures per 100 









1 trap-nights 

5.43 

1.48 

7.18 

2.65 

3.76 

2.69 

8.63 

2.35 

Ratio rodents/mar 
supials 

3.67 

2.70 

1.40 

3.68 


TOTAL 


6942 

11762 

6383 

7821 


32908 


RO- 

DENTS 


34 


.49 

1524 

12,96 

451 

7.08 

32 

.41 


MAK- 

StJPIALS 


180 

2.59 

462 

3.93 

45 

.70 

81 

1.04 


2041 


768 


6.20 


2.33 


2.66 


ratios of total captures per 100 trap-nights for all traps as shown in the bottom 
row of the table are not strictly comparable. It would therefore be more accu- 
rate to compare the captures according to types of trap in which these animals 
w’ere commonly captured. The rodents were captured principally in the rec- 
tangular wire and tin can traps, while the marsupials were taken largely in the 
rectangular and collapsible wire traps. The fluctuations in the captures at 
different stations relative to the type of trap is in part conditioned by the size 
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of the species most common in the area. For example, where the dominant 
species of rodents were small in size more captures of this order were made in 
the tin can traps and when the larger species of marsupials prevailed propor- 
tionally more of this order were collected in the large collapsible wire traps. 
If the frequency of capture is accepted as a measure of pre\'alence, it may be 
inferred that the rodents were most numerous at Urucutuca and Pirataquic(? 
and least at the Almada station, and that the marsupials were present in order 
of abundance at Almada, Pirataquic6, Urucutuca, and Fortuna. The relative 
predominance of rodents over marsupials was greatest at Unicutuca and Fortuna 
and least at Almada. 

Primates: The number of primates collected during the course of study 
amounted to 1,851, the great majority of which (1,829) were marmosets of the 

TABLE 7 


List of primates collected, classified according to species and type of vegetation tcherc captured 


TYrK or VEGETATION’ 

1 Ltontocebus i 
I ckritonrlas 

(Kuhn 

Callithix 
frnicitlata i 
(E. GcoSroy) 

Callurbut 

Aleualli 

Fuar{^3 

(Hum!) ) i 

Ctius sen- 
Ihftirrtttil 
Wied 

TOTAL 

Old-type forest 

7 

155 

! 

j 

1 

3 

2 

107 

Young-type forest 

1 

590 

i 



501 

Swamp forest 

1 

15 

] 

j 


i 17 

Cacao plantation 

i 

930 

1 



oaf) 

Banana patch 


20 




20 

Coconut grove 


62 

1 



02 

Kol specified 

5 

45 

i 1 


1 

52 

Total 

14 

IS29 

i 0 i 

3 \ 

I 

0 i 

K-il 


** } 


species CaUilhrix penidUata. Of the rcm.aining .species, there were I t /yen- 
locchiis chnjsomclas, three Alouatta guarilta, three cchu!; xanthoelrmur, and two 
Calliccbus gipot. (Table 7 .) 

The procedure employed in procuring primate-, particularly 
{C.pcmaUata), does not permit an accunito detormiriatirm nf their rvlat3v<> 
abundance in difTcrent localities. Tlie great m.-ijority (S 3 pf'r r^nt) pa.'- 
chflsod through local agents, and the number captured in fuiy give:) di trin 
depended to .a large degree upon the energy and ability nf tla' r.pnit in 
lating the local inhabit>ants to tnip them. In .Mune of th>' snore iss.-.e-!* 


parts it Wiis not feasible to .«eeurc .‘^ati'^fartory .'unnts 


or to nir.iS.re 


>!< ■ 


liverj" of the raptured animals to the laboratory. tV':!’- -pa .ntly. tb'- .nv ;p* 
Kos spotty and irrepdar. There 1*^ little <i'>’jb;. hoaever, tin- 'j-- 
'■'■idrly distrihuttHl throughou; the recieti .and th- r.'mi!'- r r in I-' 

tie.- v.h"n‘ trapping 'va'; thnrvr.ejh ;n<iie:.t»-'-' tb,r>; tls^y f *.n t in gr- s’ r'-*;* 
llie largest tmtuln’tY- wen- Ir.tpjx’'! in cr.'-io ph.t.t.-i’n : • :.r i v r !< 

'4 linvitCil e\t«'nt. Thi'^ suay be p;'rl!-..by j fi ; br j-.- -"r t-'"* 

in dt«-tnct‘- ilevut*-! to r-.-'.io pr-rinet'-Ci, an 5 
that gruvr- fini-titute a rst brd 
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that marmosets dwelling in a bordering forest enter cacao groves to feed in the 
early morning hours, and they can be trapped here with greater facihty than in 
the forest. Some may live permanently in the heavily shaded cacao groves 
where foliage of large trees of other varieties form a more or less contiguous 
upper canopy. 

The other species of primates are much less numerous and were found prin- 
cipally in old extensive forests. Their distribution is therefore limited to areas 
where this type of vegetation exists. 

C. penicillata breed to some extent throughout the year but the greatest 
number of pregnant females was encountered during the months of September, 
October and November. 

Birds: During the course of observation on birds 45 families and 196 
species were recognized. Members of the following five fannlies were most 
frequently observed: Thraupidae, Tyrannidae, Icteridae, Fringillidae, Hirun- 
dinidae. 

The five most common species were: Ramphocelus hresilius, Cadcus cela, 
Jacana spinosa, Turdiis rufiventris, Stelgidopteryx ruficolUs. 

In general birds were more abundant at Pirataquic^, followed by Almada, 
Fortuna and Urucutuca in the order named. 

The principal breeding season extended from August to February. 

Very little is known concerning the migration of forest birds in tropical Bra- 
zil nor did these observations add any significant information to this question. 
All that can be said is that few, if any, birds known to possess migratory habits, 
at least in this region, were recognized.® 

Arthropods: The collection of arthropods was confined almost exclusively 
to ectoparasites and mosquitoes, as they were considered to be the ones most 
likely involved in the transmission of the virus. Moreover, other haema- 
tophagous arthropods were observed in very limited numbers, consisting prin- 
cipally of a few Tabanida and SimuUdae. 

1. Ectoparasites: Ectoparasites comprising the families Pulicidae, Ixodidae 
and Laclaplidae were found in greatest abimdance on rodents. Laelaptidae 
were consistently present and in numbers greater than the other two families 
combined. The average number of ectoparasites found on 300 rodents of the 
genus Oryzoimjs was 27, and on 138 Nectomys 15. In each instance the Laelap- 
tidae constituted over 95 per cent of the parasites. Parasites were present, 
but less numerous, on other genera of rodents. 

Marsupials were also hosts of ectoparasites. The Pulicidae and the Ixodidae 
were found more frequently than Laclaplidae although when the latter family 
occurred there was usually a considerable number of them. The average number 
of ectoparasites on marsupials varied according to species from two to eight. 
It is significant that ectoparasites were found only rarely upon primates. 

2. Mosquitoes: As certain Culicidac had been shown to be vectors of the 
\'irus, this family of insects received special attention. While the main effort 

' More complete dnta on birds in this region may be published by Pedro Britto who was 
responsible for making the field obser^-ations. 
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was directed to the isolation of the virus from mosquitoes, some ecological data, 
related to habitat of the different genera and species, were obtained. 

The relative prevalence of genera or species in different types of vegetation 
and at ground and upper vegetational levels is shown in table 8. These data 
are based upon the capture of 87,583 mosquitoes during 4,717 man-hours. As 
previously described, the captures were made free hand, the collector serving 
as bait. The total number of mosquitoes captured per 100 man-hours was 
highest in young-type forests and lowest in swamp forests. This is somewhat 
surprising as swamps are commonly believed to harbor a high density of mos- 
quitoes. It should be remembered, however, that the captures were made in 
forest growth and that the rainfall in this .region is heavy and fairly evenly 
distributed throughout the year. Even in the upland forests the humidity is 
relatively high and there is usually enough collection of water on the ground 
(streams) and in the trees (holes, etc.) to serve for breeding. Only three species, 
captured in significant numbers, Aedes scapularis, Taeniorhynchus fasciolata 
and T. chrysonotum, were more numerous in swamp than in other types of forests. 
Trichoprosopon, Psorophora albipes and Aedes fulvzis were notably more frequent 
in young-type forests than in old-type forests, the latter two occurring in very 
small numbers at the Fortuna station. On the other hand Phoniomyia, Sabeihes, 
Limatus and Haemagogus are definitely more prevalent in the old-type forests 
than in either young-type or swamp forests. Of these all but Limatus were 
captured in larger numbers in the trees than upon the ground, irrespective of 
the nature of the forest. Other mosquitoes taken in significant numbers were 
consistantly more abundant at the ground level than in the trees. Psorophora 
albipes is a partial exception to this rule in that in young-type and swamp forests 
the captures in the trees were slightly in excess of the ground captures but in the 
older forests more were found at the ground level. 

A few crepuscule and night captures were made in order to ascertain if any 
species were being missed by making captures only during the brighter hours 
of the day. While a few mosquitoes, notably Trichoprosopon, Psorophora 
dngulata, Aedes fulvus, Anopheles mediopnnctaius, Taeniorhynchus chrysonotum 
and T. fasciolata were collected somewhat more frequentlj’’ at night than other 
species, no species was taken at night that was not also captured during the 
day. Conversely, there were several genera and species that were captured 
only during the day, for example Sabethes, Haemagogus and some of the rarer 
Aedes. 

In that the genus Haemagogus has been roost frequently identified as a vector 
of the \drus in nature, data collected on the emnronment and feeding habits of 
this mosquito were further analyzed. Apparently the Haanagogus mosquitoes 
in this area are predominantlj’’, if not entirely, H. spegazzinii as all of the males 
reared from captured females were identified as this species. It has been noted 
that this mosquito is captured more frequently in old-type forests and at upper 
vegetational levels. Some exploratory captures were also made in cacAO gro^•cs 
and Haemagogus was found to be present in about the same numbers as in 
neighboring young-type forests. It was somewhat more abundant in groves 
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TABLE 8 

Classification of mosquitoes, showing number of specimens captured per 100 man-hours, in 
relation to type of vegetation and capture level 


GKOUPS BV GENUS OR SPECIES 

OUl-TVVE TOREST < 

VOUNC-TVrE 

POUEST 

SWAMP 

rOEEST 

TOTAL 

Pirataquic6 

Fortuna 

Total 

Ground 

U 

u 

u 

H 

Ground 

O 

o 

H 

Ground 

O 

U 

H 

Ground 

t 

H 

Ground 

O 

V 

H 

Ground 

C 

tJ 

H 

Trichoprosopon 

423 

16 

402 

47 

413 

30 

824 

19 


6 

483 

22 

Wycomyia 

1145 

34 

1201 

34 

1173 

34 

888 

27 

364 


893 

36 

Phoniomyia 

107 

230 

252 

768 


476 

14 

101 

73 

185 

97 

269 

Limatus 

568 

2 

592 

2 


2 

317 

7 

30 

1 

365 

4 

Sabethes 

18 

251 

29 

204 

24 

229 

23 

40 

8 

16 


116 

Psorophora albipes 

218 

68 

8 

•1 

113 

37 

854 

994 

413 

538 

442 

531 

Psorophora ferox 

92 

9 

120 

7 


8 

49 

5 

12 

1 

65 

6 

Psorophora lutzi 

8 


4 


6 


6 

* 

35 

m 

13 

1 

Psorophora eingulata 

4 

« 

2 


3 

* 

15 

1 

5 

* 

8 


Aedes fulvus 

81 

3 

6 


43 

1 

116 

4 

27 

3 


3 

Aedes nubilus 

19 

* 

3 


11 

* 

9 

* 

* 


8 

♦ 

Aedes scapularis 

26 

1 

4 


15 

1 

28 

2 

185 

7 

57 

2 

Aedes serratus 

475 

18 

152 

5 

313 

■ 

382 

20 

110 

m 

292 

15 

Aedes fiuviatilis 

* 




* 

■ 





* 


Aedes terrens 

1 


2 


1 

■ 





1 


Aedes fulvithorax 

* 


2 


1 

H 



* 


1 


Aedes {Howardina) sp.... 

1 

♦ 

4 

♦ 

3 

D 

1 

♦ 



1 

* 

Chagasia fajardoi 


4 

* 

6 

* 

■ 





* 

2 

Anopheles nimbus 

1 






3 

* 

7 

* 

3 

* 

Anopheles fluminensis 

1 




♦ 


* 




* 


Anopheles intermedius 







2 

* 

3 


1 

* 

Anopheles mediopunctatus 

2 




1 


2 


4 

1 

2 

* 

Anopheles tarsimaculatus 













group 





♦ 


♦ 


6 

1 

1 

* 

Anopheles triannulatus . . . 








* 

1 


* 

* 

Anopheles bellator 

1 

3 

4 

27 

2 

14 

♦ 

2 

♦ 

* 

1 

7 

Anopheles cruzi 


* 

* 

1 

* 

1 


* 




* 

Taeniorhynchus 

2 





* 





* 

* 

Taeniorhynchus 





■ 








indubiians 



3 

* 


* 

1 

1 

1 

4 

1 

1 

Taeniorhynchus albicosta . 









2 

* 

1 

* 

Taeniorhynchus 













chrysonotum 

4 

% 



2 


20 

4 

65 

13 

22 

4 

Taeniorhnehyus fasciolato 

18 

* 

1 



* 

42 

2 

238 

21 

72 

4 

Culex 

1 

* 



* 


9 

2 

15 

9 

■ 

2 

Ap.dp.R l.p.nr.nr.plnp.nus 

* 

4 

3 

4 

1 







Q 

Haemagogus 

34 

380 

37 

248 

36 

320 

18 

1 

67 

2 

4 

JL 

22 

164 

Total captured 

12253 

6816 


7558 

■ 



16855 

6619 

3698 

s 

m 

Total man hours 

377 

666 


558 

757 

WM 


1296 

395 

411 



Total per 100 man- 













hours 



2833 

1355 


1176 

3625 


1676 


2947 

1192 


* Less than one. 
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well shaded with other species of trees. HerCj as elsewhere, more of the mos- 
quitoes were captured in the trees than at ground level. They were rarely 
found in swamp forest. 

H'aemagogus is strictly a day feeder and the heaviest captures were made 
between the hours of 9 a.m., and 2 p.m., irrespective of the type of vegetation 



Fig. 2. Capture of haemagogus mosquitoes per 100 man-hours in old-type and in young- 
type forests at different hours of the day. 

(fig. 2). In fig. 3 these data have been further broken down into ground and 
three captures. It is evident that the prevalence of Haemagogus as determined 
by the capture of females in search of a blood meal is influenced by the type 
of forest, the vegetational level and the hour of the day the captures are made. 
These characteristics have been observed by Bugher et al. (31), Boshell-Man- 
rique and Osorno-Mesa (59), and by Bates (73) who has made a careful study 
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of the microclimate favored by- Hacmagogiis. Although it is definitely photo- 
philous and is found in largest numbers in trees over which the foliage canopy 
is not so dense as to obscure the sky entirely, in our experience it was captured in 
greater numbers during partially cloudy hours than during bright sunshine. This 
difference was especially manifest in tree captures and during the forenoon. 

Haemagogns was present during all seasons of the year. The following tab- 
ulation represents the captures made at the Pirataquic6 station: 



KUUBER 

CArrURED 

[ 

NUWBER 

UAK-nOtJRS 

KUifnrR PER 
100 UAK-nouss 

19U 




May 

653 

82 

796 

July 

252 

92 

274 

September 

•143 

112 

396 

November 

242 

112 

216 

December 

417 

SI 

515 

1945 




February 

365 

83 

440 

March 

158 

103 

153 

Total 

2530 

665 

3S0 


The variations in the number captured at different periods may have been 
influenced to some degree by the weather conditions at the time the captures 
were made. However, the collections do reflect the relative number of females 
in search of a blood meal, which as far as \drus transmission is concerned is 
perhaps more important than their actual prevalence at any given time. 

Neutralization Tests on Captured Mammals 
Non-specific Reactions: In evaluating the significance of the neutralization 
test, consideration should be given to apparently non-specific reactions which 
are not mfrequently encountered among certain species of animals. 

To ascertain if this applied to rodents and marsupials in the Ilh4us region, 
211 rodent and 19 marsupial sera which gave a positive neutralization test 
against yellow fever virus, were tested against Japanese B virus. The test 
was performed in a manner similar to that described for yellow fever virus, with 
the exception that a greater amount of virus, approximately 1,000 MLD, was 
employed. It was found that 188 of 211 (89 per cent) of the rodent and 10 
of 19 marsupial sera, partially or completely inactivated the Japanese B 
virus. This non-specific behavior is further attested by the neutralization of 
yellow fever virus by sera of rodents and marsupials captured in regions in which 
there is every reason to believe that yellow fever does not exist. Aging of the 
serum may also be a factor in these non-specific reactions in rodents and mar- 
supials as it was found that some sera, though negative when originally tested, 
gave a positive reaction when tested some months later. 

Information on non-specific reactions in birds is lacking. The few bird sera 
collected during the study were insufficient in quantity to permit testing against 
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other viruses. It is suspected, however, that non-specific reactions may occur 
among avian species since positive neutralization tests have been observed in 
sera from birds that probably had had no contact with the virus. 



On the other hand, false positives are very rarely encountered in marmo- 
sets and other primates, nor does aging of the serum seem to exert any influence. 
Of the 99 marmoset {CalUthriz penicillata) sera that neutralized yellow fever 
virus, 87 were tested against Japanese B virus, and only two manifested virucidal 
action, in one of which the inactivation was inconclusive. Furthermore, none of 
the several hundred sera of a closely related species {CaUiihrix aurita) captured 
m the vicinity of Rio de Janeiro neutralized yellow fever virus. 
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Another factor which must be considered is the duration of the immunity. 
Observations made in this laboratoiy imply that in some of the marsupials neu- 
tralizing antibodies to yellow fever virus may be lost after a period of several 
months. It was found that seven of 22 Meiachinis nudicaudaius which had 
been artificially infected vdth yellow fever virus and had given a positive neu- 
tralization test three weeks following infection failed to neutralize the Aurus 


TABLE 9 


RODENTS 

Results of neutralization tests with yelloio fever virus, with species listed according to type 
of vegetation in which they were captured 



TYPE OF VECETATIOK 

SPECIES 

Old-type forest 

Young-type 

forest 

Swamp forest 

Grand Total 


Pos. 

Total 

Per 

cent 

Pos. 

Pos. 


Per 

cent 

Pos. 

Pos. 

Total 

Per 

cent 

Pos. 

Pos. 

Total 

Per 

cent 

Pos. 

Guerlinouetus inqrami 


2 






1 



3 

1 

1 


Coendou melanurus 


1 









Chaetomys subspinosus 


] 










Galea welsi 


3 










Proechimys setosus 


31 

1 

2 



1 






o 

32 


Isothrix picta 




1 

1 







Phyllomys blainvillei 

1 

so.o 







2 

33.3 

Phyllomys brasiliensis 

K 






1 

0 

Rattus rattus fruqivorus. . . . 


3 



1 

1 

cn 






0 


Ratius rattus rattus 


A 








4 


Nectomys squamipes 

s 

137 

616 

5 

5.8 

on n 

c 

6.3 

38.9 

7.7 

32.1 
9.5 

55.6 

14.8 

10.2 


74 

20 

6.8 

45.0 

25.0 
33.3 

18 

5 

291 

762 

113 

207 

26 

12 

6.2 

39.9 

8.0 

37.7 

Oryzomys oniscus 

246 


ou 

5 

9 

Oryzomys eliurus 



1^0 

304 

Oryzomys breviceps 

48 

114 

2 

42.1 

o 

97 

1U± 

1 

4 

9 

9 

78 

Rhipidomys maculipes. . . 

9 

o4 

3 

Oecomys cinnamomeus. . . 


9 



9 


2 


2 

7.1 

41.7 

8.9 

11.1 

Akodon niarita. . . 

10 

131 

7 

76 

f 


1 


5 

Akodon arviculoides . . . 


14 



18 

22.2 

14 

158 

Blarinomys breviceps. . 


A 


lot 

4 

18 

162 












4 


Total 

313 

in*7o 




19.2 

22 

129 

17.1 

449 

1794 

25.0 




114 

^^3 


as m 


Wo to three months later. On the other hand immunity in primates, 
humans, seems to be of very long duration, probably for life. 

Mate: NeutraUzation tests were performed on sera from 1,794 rodents 
of winch 449 or 25 per cent were positive. All species in which the number 
exammed w^ m excess of 10 contained one or more positive reactors, with the 
^ception oi ProeoJnmys setosx^ (table 9). There was considerable variation 
m the percentage of positives among the different species. Among those tested 
m sign^cant nimbers Oryzomys oniscus and Oryzomys breviceps gave the highest 
percentage, 39.9 and 37.7 per cent respectively. 
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The percentage of positive reactors among the total specimens captured in 
old-type forests was greater than among those captured in 3 ’-oung-type or swamp 
forests. However, this discrepancy may be attributed to the fact that the 
species which tend to give a high proportion of positives occur vith greater 
frequency in the old forest type of vegetation. The results obtained with any- 
given species, were essentially the same regardless of the site of capture. 

If a positive neutralization test reflects an acquired specific immunity, the 
proportion of positive reactors would be expected to increase uith the age of 
the animals, especially if the disease were endemic among them. This expected 
age distribution does not occur among the rodents examined; there was no 


TABLE 10 

' MARSUPIALS 

Results of neutralization tests with yellow fever virus, with species listed according to type 
of vegetation in which they were captured 


TYPE or VEGETATION' 


SPECIES 

Old-typc 

forest 

young-tj-pc 

1 forest 

1 Swamp forest 

Grand Total 

Pos. 

Total 

Per 

cent 

Pos. 

Pos. 

j 

Toul! 

Per 

cent 

Pos. 



Per 

cent 

Pos. 

Pos* 

1 

Total 

Per 

cent 

Pos. 

Didclphis marsupialis 

i 

152 

1 


56 


i 

j 

19 


1 

227 


Mctachirops opossum 





1 


1 

i 




1 


Metachirus nudicaudatus 


187 


1 

59 

1.7 




1 


0.4 

Monodclphis amcncana 


2 



3 






5 


Marmosa cincrca 

3 

40 

6.5 

6 

63 

9.5 

1 

5 


10 

114 

S.8 

Marmosa agilis 

1 

S 

12.6 


1 


1 

2 


2 

11 

IS. 2 

Marmosa murina 


9 

i 

5 

44 

11.4 


4 


5 

57 

j 8.8 

Marmosa incana 


2 1 


1 

i 

G1 


1 

15 

C.7 

1 

78 

1.3 

Total 

a 




2SS 


3 

45 

6.7 

19 

739 

2.6 


essential difTerence in the positive reactors .among tlie young, young-adults, 
and adults, the percentage being 24.8, 25.1 and 25.3 per cent respectively. 

MarsupiaU: Only 19, or 2.G per cent, of 739 marsupial sera c-vamined gave a 
positive nc\itralization test . Fifteen of the 19 positives occurrwl among Mnrvwm 
cincrca and Marmosa vuirina. In each of these specie's the jicrccntagc of reactors 
was 8.8 per cent. The sera of two of 1 1 Maniwsa agilis and one of 78 
iucatia neutralized yellow fever vin».‘:. None of the 227 J>tddpKir vwrsupiah'r 
and only one of 240 Metachirus nvdttmtdnUts tchcUhI p(,'-itively (t.nhle 30). 

Positive reactors were captiircd in .all three type-^ of fon«t, Tho highr-t 
iwrccntagc of positives occur among tho<o deriverl fnmi r.vamp hut th>- 

numbers involved are entirely loo snmll to Ik' signitiCriTjt. 

Primates: Of the 1,851 prim.ates fhot or rapttm'-i. a hh'd v.;.. 

ohtaintxl .and the lest for the pn.' cnee of r^nun ' nr-’-het !),--■ f. wr 

vinjs was satbfactorily emnpicSvd upon 1,713 fT'dde 3*0 Oc' t»' 'ci ip 
of 1,091 VaUithr:- p-'nifAlaia, II /x- • “ >•- i 


♦Y-v 
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xanthosternus, 2 Calicehus gigot, and one Aloualta guariba. Ninety-nine or 5.8 
per cent of the C. penicillata and one each of the L. clmjsoynelas and Cebus xan- 
thosiemus gave a positive neutralization test. The remainder were negative. 
Unsatisfactory or inconclusive tests were excluded. 

For reasons previously mentioned, the sampling was uneven and many more 
marmosets were obtained from the northern part of the area than from the 
southern more extensively forested portion. Nevertheless, the captures served 
to give some indication of the distribution of immunity. As will be observed 
from map 5 immune marmosets (C. penicillata) were found widely distributed 
over the Study Area, although none was found north of the Rio Almada which 
flows Just north of the collecting stations of Almada and Urucutuca. 

The highest percentage (48.5 per cent) of positive reactors were encountered 
in the vicinity of the collecting station at Pirataquic5. At the Fortuna station 


TABLE 11 

Results of neutralization tests with yellow fever virus on sera from Callithrix penicillata, 
listed according to type of vegetation where animals were captured 


TTPE OF VEGETATION 

number tested 

NUMBER POSITIVE 

Old-type forest 

117 

27 

Young-type forest 

558 

26 

Swamp forest 

15 

0 

Cacao plantation 

876 

45 

Banana patch 

25 

0 

Coconut grove, etc 

60 

2 

Not specified 

43 

0 

Total 

1694 

99 


PER CENT POSITIVE 


23.1 

4.5 

0.0 

6.1 

0.0 

3.3 

0.0 


5.S 


o piimutes lestea tor immunity, two proved to be immune » 

one was a Leontocehus chrysomelas and the other a Cebus xanthosternus. Both were cap- 
tured in old-type forest. 

only 5 C pemcillata were captured, one of which was immune. But in addition 
one of the two Leontocebus chrysomelas and a single specimen of C. xanthosternus 
cap 0 vicmity were also immune, thus giving three immunes among 

exammed. Forty-four of the 473 (9.3 per cent) captured' 
near the station at Almada and two of 151 (1.3 per cent) captured near the 
station at Urucutuca gave positive reactions. 

The ratio of positive reactors among the C. penicillata is related to the type 

hlwt (table 11). A significantly 

from of immunes (23.1 per cent) derived from old-type forests than 

the Pehi <! ° /I environment. The two positive Leontocebus chrysomelas and 
he xanthosternus also came from forests of this type. While a few im- 

Z plantations, young-type forests and coconut groves, 

the percentage is much lower than in old-type forests. 

Analysis of the results of the neutrahzation test according to estimated age 
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of the marraoscta revealed that seven of 180 (3.9 per cent) of “young” marmosets 
(less than sk months of age), five of 319 (I.G per cent) of “young-adults”, and 
85 of 1,138 (7.5 per cent) of “adults” were immune. Tlic age was not entered on 
the records of 57 specimens of \s'hich two (3.5 per cent) gave a positive reaction. 
The somewhat, though not statistically significant, higher ratio of immunes 
among the young than among the young-adult animals suggested that a tran- 
sient immunity may be passed from the mother to offspring. As is to be expected 
in acquired immunity, the highest rate was encountered in the adult or older 
animals. 

Other Orders of Mammals: Of other orders of mammals, consisting of Edentata, 
Carnivora and Chiroptera, only t%vo out of 130 blood specimens neutralized 
yellow fever virus. Among the Edentata, one Da^pxis novcmcinctiis was positive, 
and a similar result was obtained with Glossophaga soricina of the order Chi- 
roptera. The distribution of species tested in relation to the site of capture 
is listed in Table 12. 

t Birds: Blood samples for neutralization tests were obtained from 114 birds, 
Fcomprising 41 species. Three of the blood specimens inactivated \nru5. These 
were from the following species; Ccophhcus limatus, Cacicus ccia and Sallalor 
maxinms, the first two of which were shot at Pirataquiefi and the third at Almada, 

Complement-Fixation Tests 

Marmoset Sera: Of 24 marmoset sera giving a positive neutralization test, 
four were found to fix complement in the presence of 3 ’’cllow fever antigen. 
Two of the animals from which these sera were obtained came from the vicinity 
of the collecting station at Almada and the otlier two from around Pirataquied. 
One marmoset serum, which was toxic to mice and therefore could not be satis- 
factorily examined by the neutralization test, also gave a positive complement- 
fixation test. This serum came from an animal captured at Pirataquied. Five 
other sera fixed complement in a dilution of 1:4. This is ordinarily considered 
to be a doubtful reaction, but with marmoset sera it may be significant. One 
of the latter sera came from an animal captured at Pirataquic^ and the remaining 
four were from Almada and a neighboring fazenda. Five hundred and eight 3 ’--one 
sera that were negative by the neutralization test were negative for the comple- 
ment-fixation test as well. 


Attempts to Isolate Virus 

Mammals Other Than Primates: Sera from a total of 1,756 mammals were' 
inoculated into non-immune marmosets in search of yellow fever virus. These 
sera came from 579 Marsupialia, 1,123 Rodentia, three Carnivora, 50 Chiroptera 
and one Edentata (table 13). Most of the sera from animals belonging to the 
genus Marmosa were pooled before inoculation, but some of the sera from Mar- 
mosa cinerea were inoculated separately. Also sera from animn.ls of the genera 
Oryzomys, Oecomys and Rhipidomys were pooled before inoculation, with the 
exception of a few sera from Rhipidomys maculipes. The marmosets which 
died during the series of inoculations or shortly thereafter were autopsied and, 
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unless it was obvious that they had succumbed from some intercurrent infection, 
liver suspensions were inoculated intracerebrally into a group of white mice. 
None of the surviving marmosets developed immunity to yellow fever, nor 
was the virus obtained from any of those which died during the course of the 
experiment. It is admitted that the method used was of doubtful value in 

TABLE 12 


Results of neutralization tests on sera from mammals of orders Edentata, Carnivora and 

Chiroptera, according to site of capture 



rORTUNA 

PIRATA- 

QOTCt 

ALMADA 

TTRTJCUTUCA 

OTHSS5 

TOTAX 

Pos. 

Total 

Pos. 

Total 

Pos. 

Total 

Pos. i 

Total 

Pos. 

Total 

Pos. 

Total 

Edentata 






i 







Tamandua tetradactyla 










7 


7 

Scaeopus torquatus 




5 




■1 


2 


8 

Dasipus novemcinctus 



1 

5 




1 


1 

1 

7 

Total 



1 

10 




2 


10 

1 

22 

Carnivora 





i 








Cerdocyon thous 




1 


2 




3 


6 

Tayra iarbara 


1 



1 





1 


1 

Poios flavus 


3 


14 








17 

Procyon cancrivorus 




1 





i 



1 

Orison vitiatus 




1 





1 

I 1 

3 


3 

Total 




16 


2 



1 

6 


28 

Chiroptera 


■ 

■ 










Glossopkaga soricina 


D 

■ 

2 

1 

11 




4 

1 

24 

Artibeus planirostris planiroslris 










1 


1 1 

Lonchoglossa ecaudata 




1 


2 i 




2 


4 

Lonchophylla mordax . 


■ 




4 i 


1 


3 


8 

Carollia perspicillata 


B 

B 

B 

B 

B 


1 


4 


14 

Molossus rufus 




B 


B 




2 


9 

Molossus obscurus 




B 

B 

B 



i 

5 


7 

Not Classified 




B 

B 

4 


1 

j 

1 

1 2 


10 

Sturnira lilium 




B 

B 

1 




! 


1 

Diclidurus albus 


2 


■ 

B 







2 

Total 


10 


8 

1 

36 


3 

[ 


23 

1 

80 

Grand total 


14 

1 

34 

1 

38 


5 


39 

2 

130 


rodents since the virucidal action of a high percentage of the rodent sera probably 
would have prevented infection in marmosets, even though the virus might 
have been present in some of the sera in the pool. The same applies in a limited 
degree to the marsupials, although in a few instances only were sera from animals 
giving a negative neutralization test mixed with a serum that on subsequent 
examination was foimd to neutralize yellow fever virus. 



































TABLE 13 

Sera /rom captured mammals inoculated into non-immune marmosets (C. penicillata) to 

determine presence of yellow fever virus 



XESUI*T OF 
NHUTRAliZA'nON 
TEST ON SERA 

inoculated 

TOTAL 


UAEMOSETS INOCULATED 

OBDEH AND SPECmS OE MAMMALS 

Neg. 

b 

O 

o 

ei 

d 

C 

p 

Pos. 

number 

OE SERA 
INOCU- 
LATED 

h 

o 

g 

W>t5 
u 
^ d 

a"" 

* 

o 

p 

o u 

a 
> 
w « 

H 

•a 

o 

> 

*> 

3 

CO 

c 

o 

"■S 

d 

N 

"d 
** tn 

gs 

Iz 

Marsupialia 

Diilplphis marsupialia 

113 



113 


25 

10 

Neg. 

Neg. 

Neg. 

15 

Neg. 

Metachirus nudicaudaius 

161 

5 


166 


25 

10 

15 

Neg. 

Marmosa cinerea 

69 

3 

11 

83 


13 

7 

6 

Neg. 

l\f nrmnfia (igilis 

7 

4 

1 

121 




Marmosa cinerea 

32 

1 




t25 


Neg. 

16 

Neg. 

Marmosa incana 

74 

24 


98 


9 

Marmosa murina 

49 

21 

4 

74 















Total 

505 

58 

16 

579 

88 

36 

Neg. 

52 

Neg. 


Bodentia 

Phyllomys blainvillei 

1 

1 


2 


2 


Neg. 

Neg. 

Neg. 


Neg. 

Proechimys setosus 

22 



22 


6 

2 


Neg. 

Nectomys squamipes 


4 

15 

222 


23 

8 


Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Isothrix picta 


1 

1 


1 

Guerlinguetus ingrami 

1 



1 


1 




Rhipidomys maculipes 

2 

1 


3 


2 

1 

Neg. 

Neg. 


Rattus ratius 

2 



2 


2 


Oryzomys onisexts 

376 

121 

3 

31 

232 

82 

2 

639 

214 

7 





Oryzomys sp 

11 

2 






Neg. 

Occomys cinnamomeus 


t33 

13 

Neg. 

20 

Rhipidomys maculipes 

8 

1 

1 

10 

















Total 

739 

51 

333 

1123 

70 

24 

Neg. 

46 

Neg. 


Carnivora 

Grison vitlaius 

■ 

9 


3 


■ 


Neg. 

1 

Neg. 


■ 





■ 



Chiroptera 

ilfolossus ru/us 




8 

.^7 

1 

■ 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

1 

Neg. 

Neg. 

Neg. 

Neg. 

Glossophaga soricina 

24 

] 

13 


4 


3 

Ariibcus planirostris 


1 


1 

B| 

1 

Lonchophylla mordax 



■ 

2 


2 


2 

Not Classified 

■ 


■ 

2 


1 






■ 







Total 

Zl 

If 


K(\ 

9 

Si 

Neg. 

7 

Neg. 









Edentata 

Dasipus novcmcinctus 

■ 

■ 


1 


I 

■ 

Neg. 

1 

Neg. 


n 

n 




■ 

■ 


Grand total 

. 12S 

1 12( 

5 31t 

1756 



Neg. 

107 

Neg. 


• Died: Indicates marmosets that died before the period for testing for immunity, 
t Sera pooled before inoculation. 
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3famosels: Yellow fever virus was isolated from each of four marmosets 
that died shortly after arrival at the field laboratory at Pontal. The circum- 
stances related to these isolations wiU be presented later. As has been indicated 
under “Field and Laborator}’’ Methods,” only marmosets which died shortly after 
capture (2 weeks) were examined for virus. However, from those which sur- 
^dved this period, a second sample of blood was vnthdrawn and the serum 
submitted to the neutralization test. None of those which gave a negative 
neutralization test when captured subsequently developed immunity, so it may 
be assumed that none of the survhdng marmosets were infected at the time of 
capture. 

Bird^: Near the close of the study 141 birds .representing 45 species were shot. 
Their fivers were removed, as pre\dously described, and tested for the presence 
of j’-ellow fever \drus. The results were uniformly negative. 

Ilosquitoes: The number of mosquitoes inoculated into monkeys and mar- 
mosets (C. penidllnta) in search of virus amounted to 172,873. The classi- 
fication and place of capture of these mosquitoes is shown in table 14. Besides 
captures at the regular collecting stations at Fortuna, Pirataquic^, Almada and 
Urucutuca, a few were made at Fazenda Sao Pedro situated in a region devoted 
largel}’’ to the cultivation of cacao, about 15 kilometers southwest of the Almada 
station, and at Fazenda Retiro located on the opposite s^e of the swamp from the 
Urucutuca station. 

The largest number (80,444) fell into Group A: Trichoprosopon, Wyeomyia, 
Phoniomyia, Limahis and Sabetfies; followed by Group B: (78,013) comprising 
Psorophora and Aedes; Group D: (9,119) Haemagogus; and Group C: (5,297) 
representing Cluxgasia, Anopheles, Taeniorhynchm and Culex. It was the origi- 
nal intention to' inoculate Aedes leucocelaeniis separately but this species was 
found in such limited numbers that it was decided to include it with the other 
Aedes. 

Yellow fever 'vnrus was isolated on only one occasion following injection 
of suspensions of haemagogus mosquitoes caught at the Almada station. As 
this isolation sjmchronized with finding of the \drus in marmosets, aspects of 
this episode wfil be presented later. 

Another virus, immimolo^cally unrelated to yellow fever, was isolated from 
a monkey that received inoculations from Group B mosquitoes captured at 
Pirataquic6. This neurotropic virus is being described in separate publications 
(74, 75). 

Ectoparasites; The following tabulation shows the number of rodents and 
marsupials from which ectoparasites were collected and inoculated into non- 
immune maimosets: 


ORDER 

NO, OF ANIMALS 
FROM WHICH 
ECTOPARASITES 
WERE COLLECTED^ 

NUMBER OF 
MARMOSETS 
INOCULATED 

1 

DIED 

BEFORE 

IMMUNITY* 

TEST 

TEST FOR 
VIRUS 

SURn^-ED AND 
TESTED FOR 

immunity 

ketsikai .- 

IZATION 

TESX 

Rodentia 

940 

161 

27 1 

30 

-15 

16 

Negative 

Negative 

12 

14 

Negative 

Negative 

Marsupialia ... 

- — — 





TABLE 14 

Number and classificalion of mosqtiiiocs inoculated into rheeus monheys and marmoecls in 

allcmpt to isolate yellow fever virus 



OlD-TYPr. rOREST ' 

CACAO AKD VOUKO- 
Tvrr. yoRKST 

BWAUr rOEF-ST 

TOTAL 

CROUrS 1)V CEKUS OR SPECIES 

Fur-cmla 

Pirata- 

quicC 

Rib. tba ^ 
Fortuna 

■'ar.cnila 

S.TO 

Pedro 

Fazenda 1 
Almada 

Fnrcnd.-i 

Rctiro 

Urucu- 

tuca 

A 2'richoprosopon 

3012 

200-1 

207 

22536 

178 

140 

28107 

Wycomyia 

100S8 

5291 

877 

C328 

405 

1094 

240S3 

Phoniomyia 

297G 

63-19 

61 

1058 

113 

792 

10339 

Limalus 

4928 

2510 

33-1 

325G 

G9 

43 

11140 

Sahelhcs 

42G4 

1771 

99 

55G 

52 

33 

6775 

Total Group A 

25298 

1C925 

15G8 

3373-1 

817 

2102 

SO-iAi 

B Psorophora 

G32 

293 





925 

Psorophora alhipes 

1355 

232 

3 

5C050 

41 

3812 

61493 

Psorophora ferox 

712 

522 

13G 

370 

11 

31 

1782 

Psorophora lutzi 

129 

48 

19 

57 

2 

162 

i 417 

Psorophora cingulata 

57 

1C 

43 

181 

29 

20 

3-16 

Aedes 

1559 

273 





1832 

Aedes fulvus 

395 

65 

69 

1 1G55 

97 

58 

2329 

Aedes nuhilus 

249 

42 

44 

24 

1 


360 

Aedes scapularis 

198 

21 

15 

373 

8 

753 1 

1368 

Aedes serratvs 

2357 

, 593 

5G9 

3017 

228 

204 

6968 

Aedes fluviatilis 

1 






1 

Aedes terrens 

7 

12 





19 

Aedes fulviihorax 

9 1 

24 


6 

1 


40 

Aedes {Howardina) sp 

6 

17 


10 



33 

Aedes leucocelaenus 

49 

39 


12 



100 

Total Group B 

7715 

2187 

898 

61765 

418 

6040 

78013 

G Chagasia 

18 

3 





21 

Chagasia fajardoi 

28 

31 



i 


59 

Anopheles 

62 

107 





169 

Anopheles nimbus 

5 


177 

23 

14 

219 

Anopheles fluminensis 

2 



4 

2 


8 

Anopheles intermedins 

10 



200 

9 

20 

239 

Anopheles mediopunctatus 

9 


2 

91 

29 

14 

145 

Anopheles minor 





2 


2 

Anopheles tarsimaculatus group. 

1 



28 

7 

232 

268 

Anopheles cruzi 

2 

g 

2 

1 



13 

Anopheles bellator 

24 

1 

167 


30 


3 

224 

Anopheles iriannulaius 


4 


s 

13 

Taeniorhynchus 

272 

2 

10 





282 

Taeniorhynchus induhitans 

12 

10 

20 


21 

65 

Taeniorhynchus chrysonotum. . . 

19 



513 

190 

209 

931 

Taeniorhynchus fasciolata 

90 

7 

77 

631 

1062 

214 

2081 

Taeniorhynchus albicosta 


12 

12 

Culex 

25 

9 

9 

353 

34 

115 

545 

Culex coronator 

1 

1 

Total Group C 

571 

354 

100 

2052 

1358 

862 

5297 

D Haemagogus 

5551 

2514 

139 

891 

20 

4 

9119 

Grand total 

. 39135 

21980 

2705 

98432 

2613 

8008 

172873 
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As will be seen from the above record, virus was not obtained from any of 
the marmosets that died during the course of the experiment nor did any of the 

survivors develop immunity to yellow fever. 

The Ahnada Episode: The circiunstances surrounding the isolation of yellow 
fever virus from marmosets and haemagogus mosquitoes in the vicinity of 
Tazenda Ahnada deserve a more detailed description. 

On June 7, 1944, a marmoset was captured in a small patch of young-t3T>® 
forest, approximately 3 hectares (about 7 acres) in extent, and was sent to the 
field laboratory on the following day. The animal appeared sick on arrival 
at the laboratory. Four hours after a blood sample had been taken from the 
heart, the marmoset died. On autopsy the gross, appearance of the liver sug- 
gested yellow fever infection, and a 10 per cent suspension of liver tissue was 
inoculated intracerebrally into six white mice. One of the inoculated mice 

TABLE 15 


Record of inoculation of a Rhesus monkey with haemagogus mosquitoes and tests for yellow 

fever virus and antibodies in its serum 


DATE 

MOSQUITOES INOCUIATED 

SESBMS or INOCULATION OF MONKEV SESUU INTO MICE 

No. 

Origin 


July 17 

4 

Mico forest 
Lavapes forest 
Mico forest 


July 18 

6 


July 19 

6 


July 20 

99 

Lavapes forest 
Mico forest 

Test for virus negative 

July 21 

8 

July 22 

19 

Lavapes forest 
Mioo forest 


July 23 

4 

Test for virus negative 

July 24 

34 

Lavapes forest 
Lavapes forest 
Mico forest 

July 25 

30 


July 26 

8 

Test for virus negative 

Test for virus positive 

Test for immunity positive 

July 29 

August 9 







became ill on the 9th day. Subsequent passage of the brain suspension from 
this mouse revealed the presence of yellow fever virus. The isolation of yellow 
fever \urus from this marmoset and three others captured in the vicinity during 
the month of August has been reported by Laemmert and Ferreira (32). 

On July 17, following identification of the virus, intensive studies were in- 
itiated in this locality and continued without interruption for four months 
These studies consisted of capture of mosquitoes and animals, search for virus 
and tests for immunity among the captured animals. Thereafter collections 
were made at intervals of about 40 days until April 1945. 

Yellow fever virus was obtained from haemagogus mosquitoes which had 
been captured either in the small forest (Mico forest) where the virus was 

r ™ “ a forest (Lavapes forest) about 

one-half kilometer distant. In that mosquitoes captured in these two forests 
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were inoculated into the same monkey, usually on alternate days, it is impossible 
to determine from which of the two forests the infected mosquitoes came. A 
record of the inoculations and tests for virus and antibodies in the scrum of 
the inoculated rhesus monkey is shown in table 15. 

Yellow fever virus was again isolated from a marmoset captured on August 
7th at a distance of approximately 3 kilometers from the site where the first 
“positive” marmoset was captured. This second positive marmoset was trapped 
in, a cacao grove within 30 meters of a house. On August 10th and 13th mar- 
mosets containing yellow fever Aurus were captured at a site between the places 
where the first and second positive marmosets were taken. Tlicse two marmo- 
sets were trapped within 100 metem of one another and at about 500 meters 
from where the second marmoset containing vims was captured. 

, Although captures of marmosets and mosquitoes were continued, no further 
isolations of vims were made. During the months of March, April and May, 
prior to the first isolation, 48 marmosets were captured and examined. During 
the months of June, July and August when the virus was being found in mar- 
mosets and mosquitoes, 113 marmosets were examined and, as above indicated, 
vims was isolated from four of them. During the ensuing four months (Sep- 
tember to December), 252 marmosets were captured and from January to April 
1945 an additional 18. No vims was isolated from any of them nor did any 
of them become immune following capture. 

The number of mosquitoes captured in this area and inoculated into monkeys 
amounted to 98,432. Most of them fell into Groups A and B (Table 13). It 
is of interest and perhaps of significance, especially in \dew’ of similar experiences 
of others, that the Aurus was identified only in the haemagogus mosquitoes 
although they constituted less than 1 per cent of the total mosquitoes tested. 
It should also be noted that the vims was found in this mosquito only during 
the period when it was being isolated from marmosets. 

In July trapping of animals other than marmosets was initiated. No vims 
was isolated either from the ectoparasites or sera from 161 marsupials and from 
more than 300 rodents captured in the area. 

XJnfortxmately there is little information on immunity among the animal 
population previous to the isolation of the vims. Only 48 marmosets were 
captured prior to the isolation of the vims in June, one of which was immune. 
This marmoset was captured in May. Subsequently efforts to trap marmo- 
sets in the region were intensified and from June to December 407 specimens 
were obtained, of which 42 or 10.3 per cent were immune. Table 16 shows 
the month of captured and the ratio of immunes. 

While these data are not veiy satisfactory, they do show that the ratio 
of immunes is significantly higher among the marmosets captured after the 
month of July than among those previously captured (difference 9 db 2.0 per 
cent). ■ 

Six of 62 Marmosa dnerea and four of 29 Marmosa murina gave a positive 
neutralization test. However, there is no essential difference between the 
positive reactors among these two species captured in this locality and those 
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captured elsewhere. None of 35 Didelphis marsupialis and 34 Metachirus 
nudkaudatus reacted positively. Nor did the sera of rodents captured at tliis 
station inactivate yellow fever virus more frequently than was observed among 
those captured at the other stations. 

Inquiry among local inhabitants failed to reveal the occurrence of any illness 
resembling yellow fever during the period when the isolations of virus were 
being made. About 7 months previously blood samples had been taken from 


' . TABLE 16 

Marmosets captured near Almada between March 1944 and April 1945 and the percentage 

immune to yellow fever virus 
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TABLE 17 

llcsulls of immuriily tests in residents of Almada before and after isolation of yellow fcvrrxdrus 
from Marmosets and mosquitoes captured nearby 
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locality where the positive animals were captured. In addition blood samples 
were taken from 58 persons in the neighborhood who had not been included in 
the first survey and who had not been vaccinated. 

Table 17 reflects the result of immunity surveys before and after the isolation 
of virus. 

While the ratio of immunes among the group surveyed following the epizootic 
of yellow fever in marmosets is higher than in the group examined prior to the 
epizootic, when the groups are broken down according to age the differences 
are not significant. 

Eleven of the sera giving a positive neutralization test, taken after the isolation 
of the virus, were subjected to the complement-fixation test and 10 gave a 
positive reaction. This ratio of positive complement reactors is considerably 
higher than was observed elsewhere in the Stvdy Area and suggests that the 
infections were of recent occurrence. 

DISCUSSION 

^ One of the classical methods of sifting evidence is by the process of elimina- 
tion, but in this instance negative evidence is not necessarily exclusory. It 
is, therefore, preferable to review first the positive evidence with the object 
of forming an opinion as to whether or not it offers an acceptable explanation 
for what is known about the behavior of endemic jungle yellow fever. 

The salient aflnmative information collected during this study was: the pres- 
ence of yellow fever virus in captured marmosets and in haemagogus mos- 
quitoes; a positive correlation of immunity in marmosets with the habitat of 
old-type forests; a similar correlation of immunity in the human population with 
contact 'mth old-type forests, and the greater prevalence of haemagogus mosqui- 
toes also in this type of forests. The involvement of marmosets, both C. penicil- 
lata and L. chrysomelas, in the cyclic transmission of the virus was further sup- 
ported in the laboratory by the alternate passage of the virus isolated (Almada 
strain) through each of these two species of marmosets and a mosquito vector 
( •oegypH) ^0). ^ It was also shown that the species of Haemagogus {spegazzinit) 
found in this region is capable of transmitting the virus under laboratory con- 
mtions (29). ^ Indeed, the species of Haemagogus used by Bates and Roca- 
arcia (27) in their transmission experiments in Colombia is taxonomically 
very closely related, probably the subspecies, which Kumm et al (63) have 
desipated as H. spegozzinii fako. Thus, it may be said that the circle of 
mcnmmatmg evidence against the marmoset (C. penicillata) as a vertebrate 
host and H. spegozzinii as an insect vector is complete; the virus was found 
m each m nature; their ability to serve respectively as host and vector was 
demonstrated m the laboratory; and there is a relation in the immunity in' cap- 
tured marmosets and in the prevalence of haemagogus mosquitoes to immunity 
m the associated human population. 

There is, in addition, some circumstantial evidence that conforms to this 
concept. It has been noted that haemagogus mosquitoes are more prevalent 
in the older.:Iype of forest. Thej'’ are also found principally in the upper vege- 
tational levels and they tend to feed during the brighter, warmer hours of the 
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day. The marmosets are likewise arboreal inhabitants that spend most of 
their time in the higher foliage of the forest, Wliile the habits of marmosets 
have not been thoroughly studied, it is a common observation that they are 
more active during the early morning and late evening, and have the custom 
of resting or napping on the high branches of the trees during the mid-day hours, 
a habit which would make them easy prey to hacmagogus at a period when 
tliese mosquitoes are most actively engaged in the search of a blood meal. There 
is in tropical rain-forests a stratification of microclimates and a corresponding 
stratification of fauna and flora which Bates (76) has picturesquely compared 
to the varying depths of the ocean and its influence upon marine life. It would, 
therefore, appear that the setting and the scene of the drama of jungle yellow 
fever, in so far as tlie primates and haemagogus mosquitoes are concerned, 
are essentially in the canopy of the forest and that the infection of man or other 
terrestrial animals is accidental and adventitious. 

All other information gathered was essentially negative in character. While 
a number of species of rodents gave a positive neutralization reaction, there 
is reason to believe that such reactions resulted from non-specific virucidal 
substances in their sera and are unrelated to infection ■with yellow fever virus. 
The species gi'ving the liighest number of positive reactions are highly resistant 
to experimental infection with yellow fever virus irrespective of the virucidal 
activity of the serum. 

The marsupials cannot be *80 lightly dismissed since some of them, Metachirm 
nudicaudatus and members of the genera Marmosa and Caluromys, have been 
shown to be relatively susceptible to infection with yellow fever •vdrus. Indeed 
it was found possible to pass the virus isolated from marmosets through either 
M. nudicavdatvs or Marmosa dnerca in combination -with A. aegypli. Yet the 
neutrahzation tests in the captured marsupials imply that they are infrequently 
infected in nature. Only one of 246 MetacMrus gave a positive neutrahzation 
test and as 10 of 19 Marmosa sera that neutrahzed yellow fever virus also neu- 
tralized Japanese B virus, the specificity of the neutrahzation of yehow fever 
virus is to be questioned. Moreover, there was no relation of the incidence of 
immunity in Marmosa to the incidence of immunity among the associated mar- 
mosets and the human population. If the marsupials had been involved to 
any extent, one would have expected to find a larger proportion of them immime 
following the epizootic among marmosets which occurred in Almada than was 
observed. Indeed, if they had been proportionately infected, the immunity 
rate among them should have been much higher than among the marmosets, 
as laboratory experience indicates that more than half of the marmosets which 
become infected succumb, while the infection is rarely, if ever, fatal either to 
MetacMrus or the Marmosa. If all of the infected marmosets had survived 
the number of immunes should have been considerably greater than actually 
observed. 

None of 227 DidelpMs marsupialis, the species which Bugher et al (31) thought 
was involved in the cyclic passage of the virus in certain Colombian forests, 
gave a positive neutralization test. 

Not only did the i mm unity tests fail to reveal any definite evidence against 
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the rodents and marsupials, but search for the virus in their sera, as well as 
in the ectoparasites collected from them, gave negative results. Negative 
evidence is obviously not conclusive but the absence of virus in the ectopara- 
sites should be given some weight, as on ecological grounds ectoparasites are 
better adapted to transmission of the infection in marsupials, and especially 
in rodents, than is the hae7nagogns mosquito. These mammals are for the 
most part nocturnal and during the day usually remain secluded in darkened 
retreats where the photophilic Hacmagogus is unlikely to enter. It is believed 
this statement is generally justified although it may be contended that Mclachints 
and Marmosa occasionally sleep during the day in places that would expose 
them to the bite of Hacmagogus. 

The rodents and the marsupials have been discussed at some length as these 
are the only two orders of mammals, besides the primates and Chiroptera, that 
occur in sufficient numbers to act as transient hosts in the maintenance of the 
virus in the forest. The collection of bats during the course of this study was 
not sufficient to warrant any deductions but, as before mentioned, laboratory 
experience has shown that the species which have been studied are very resistant 
to infection. The same partially applies to birds. None, so far, have been 
found susceptible. It is believed that the one positive neutralization test in 
a bat and the two obtained in birds should, in the absence of supporting evidence, 
be regarded as non-specific. 

Concerning vectors of the virus, the only other -mosquito {A. leucocelaenus), 
besides Hacmagogus, which has been found infected in nature, and capable of 
transmitting the infection by bite, was present in such small numbers as to rule 
it out as a likely vector in the IUkSus region. Of the other three species of Aedes 
that have been sho^vn to be capable of transmitting the \’irus, aegypti, scapu- 
laris and fluviatilis, only one (scapularis) was present in moderate numbers, 
but unlike the Hacmagogus its favored habitat is near the ground level and its 
prevalence does not coincide with a high immunity ratio in humans and mar- 
mosets. Thus both affirmative (identification of the virus) and circumstantial 
evidence point to the Hacmagogus mosquito as being the principal if not the 
sole vector in this region. 

However, the question has been raised as to whether there may be some other, 
as yet unknown, cycle of the virus and that epizootics among primates, similar 
to infection in man, are only tangential or aberrant offshoots from a more per- 
manent fundamental reservoir. Certainly this possibility cannot be denied. 
Yet to entertain such an hypothesis there should be either factual evidence to 
support it or adequate reasons presented for not accepting the mosquito-primate 
cycle as an explanation of what is known about the beha^dor of the jungle form 
of the disease. In the review of literature and in the preceding paragraphs, we 
have set forth evidence against other hosts and vectors wffiich we hold to be es- 
sentially negative, with the possible exception of that, largely gained in the lab- 
oratory, on ilfeioclwnis.C'alMromys and Marmosa as possible vertebrate hosts, and 
on some additional species of mosquitoes as vectors of the virus. Even if these 
marsupials do play a r61e, it is probably a minor one and does not profoundly 
affect the behavior of the virus in the forests. ^The data collected in this survey 
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give no indication that may be maintained in marsupials alone and, until 
more convincing evidence in this respect is supplied, we are not disposed to ac- 
cept this concept. It is probable that on occasions other mosquitoes, particu- 
larly A. leucocclamm, may act as vectors of the virus but both factud and 
circumstantial emdence implies that haemagogus mosquitoes are the principal 
vectors. 

If the virus remained over a long period in any restricted locality there would 
be reason to suspect some vertebrate carrier or an independent arthropod cycle, 
but in this studj'', as well as in studies made elsewhere, it appears that the virus 
even in so-called endemic regions has the custom of migrating and shifting 
its location, probably by a process of direct extension. It therefore seems 
justified to postulate that the virus is maintained, and is thus endemic in certain 
tjqjes of tropical rain-forests, by vu*tue of wandering epidemics, or rather epi- 
zootics. Immune reactors among humans and marmosets imply that in times 
past the virus had invaded various localities in the Study Area but during the 
course of these observations ite actual presence was verified only in a restricted 
area (Almada) although the capture of marmosets giving a positive complement- 
fixation test in the neighborhood of Pirataquic^ suggests its recent presence in 
this locality. The forests must of necessity be rather extensive in order to 
furnish adequate fuel, i.e., non-immune primates, in order to remain endemic. 
The epizootic fortuitously encountered at Almada probably represented an 
excursion of the virus from its more permanent habitat in the older and more 
extensive forests. The fact that these epidemics come and vanish argue against, 
rather than in favor of, a carrier reservoir. This behavior also implies that the 
transient vertebrate host is not too rapidly replaced as would be the case with 
rodents and marsupials. It requires a longer period for primates to replenish 
a non-immune population. 

From the aspect of time, as pointed out by Bugher et al (31), the mosquito 
rather than the vertebrate is the reser\mir of the virus. All experience indicates 
that the virus remains, or at least circulates, in an animal for only a few days, 
wMle the mosquito once infected retains the virus and is capable of transmitting 
it throughout its entire life. Unfortimately we have no information on the 
span of life of sylvan mosquitoes, such as Haemagogus, under natural conditions. 

The absence of immune reactors north of the Abnada Eiver in both the human 
population surveyed and in captured marmosets indicates that the river con- 
stituted an effective barrier to the spread of the ^drus, as the vegetation immedi- 
ately north of the river does not markedly differ from that to the south. This 
apparent failure of the infection to cross the river implies that the host was not 
a vinged vertebrate and that in this instance the mosquito vector did not fly 
northward over the river. 

While these studies in an endemic area support the concept of the primate- 
mosquito cycle of the virus in the forests, they do not explain the rapid dis- 
senunation of the infection during the epidemic waves that have extended over 
southern Brazil, unless it be that under favorable conditions the mosquito vector 
may be wafted into air currents and borne for considerable distances. 

In concluding this discussion the similarities and differences of what has been 
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revealed concerning the epidemiology of jungle yellow fever in East Africa and 
in Brazil will be briefly noted. The similarities are: in Africa as in Brazil all 
convincing evidence points to primates as the vertebrate hosts of the virus 
(77) ; the most likely vector in the interior of the forests in East Africa is a mos- 
quito {Aedes africanus) whose favored habitat is in the upper foliage; and 
as in Brazil man seems to play no intrinsic part in the sylvan cycle of the virus. 
The essential differences are: A. africanus (78), unlike Haemagogus, is a crepus- 
cule or night feeder and it is supposed that transmission of the infection to 
monkeys takes place at night when the animals are asleep rather than during 
the daytime; and in Africa man is rarely if ever infected in the forests, prob- 
ably because he does not enter or remain in the forests after nightfall, while 
in Brazil human infection is definitely associated with visits to the forests. Hu- 
man infections in East Africa seemingly result from a secondary cycle in which 
Aedes simpsoni (78, 79) functions as vector. This mosquito is a plant-axil 
breeder and is found principally along the edges of forests and about human 
habitations. Presumably A. simpsoni initially acquires the infection from ma- 
rauding monkeys but thereafter the virus may be transmitted from man to man 
through the medium of this mosquito. Thus, there is resemblance of this ex- 
trmsic cycle to the introduction of a jungle strain into urban centers where 
A. aegypU e^ts, as has been noted in South America, although in the latter 
instances it is probable that the virus was introduced by a person infected in 
the forests rather than by A. aegypti being infected by monkeys. 


SUMMARY AND CONCLUSIONS 

This epidemiological study of jungle yellow fever made in a region in Brazil 
where the disease is endemic comprised: an immunity survey of the human pop- 
ulation; a companson of the personal habits and living environment of those 
who had been infected and those who had escaped infection; a systematic 
coUection of animals and mosquitoes in selected locations and in different types 
0 ores \sat n the Study Area; testing for the presence of neutralizing anti- 
0 es agamst yellow fever virus in the sera of captured animals; and search 

for virus in mosquitoes, in ectoparasites and in the sera or livers of coUected 
mammals and birds. 

. survey involved 1,183 persons, and a personal history was 

' ^ were bom and had continuously resided in the neighborhood. 

, ° naamma s collected totaled 5,322 and suspensions from a total 

of 172,873 mosquitoes were moculated in search of yellow fever virus. 

^ i^^Dnity to yellow fever in the human population was 
old f\rn +i' occupation, contact vdth forests especially of the 

O 1 T’ and travel by foot. How- 

of tho ion was made for visits to old-type forests, the significance 

"" T That is, the dominani factor favoring 

^iS mHo of likeivise explains the 

Tn tlin p DDn^es among males and in the age group above 15 years. 
In the course of these studies yellow fever %drus was isolated on four separate 



STUDY OF JUNGLE YELLOW FEVEK IN BBAZIL 


65 


occasions from marmosets {C. penicillaia) during what appeared to be a tran- 
sient epizootic among these animals. At the time of this epizoptic, and in the 
same locality, the ’sdrus was also obtained from H. spegazzinii. 

The highest ratio of immunes was found among marmosets captured in the 
oId-tjT)e forests, and haemagogus mosquitoes were four times more numerous in 
these than in other types of forest. Thus, there was an association of immunity 
both in humans and in marmosets and the prevalence of haemagogus mos- 
quitoes with the older climax type of tropical rain-forest. 

A high percentage of sera from certain species of rodents neutralized yellow 
fever virus but it is believed that the neutralization was attributable to some 
non-specific virucidal substances in the sera rather than to specific immunity 
to yellow fever virus. 

While Metachirus nxidicaudatus and at least one species of Marmosa {M. 
cinerea) were found to be susceptible to infection with the yellow fever strain 
isolated from marmosets, neutraUzation tests on the sera of captured mar- 
supials did not suggest that they were intimately involved in the cyclic passage 
of the strain m nature. 

Efforts to identify the virus in the sera and in the ectoparasites of mammals 
other than primates, and in mosquitoes other than Haemagogus, were unsuc- 
cessful. 

Reasons have been discussed for believing that the maintenance of the virus 
in the region studied may be explained by the primate-mosquito {Haemagogus) 
cycle. 
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